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a
AA(acrylic acid) 934
AAO template 383, 431
AA2024-T3 filled/empty nanocontainers

evaluation 1375
ABC triblock copolymer 348
aberchrome 670, 1245
abrasion-resistant coatings 170
absolute ethanol, hydrolyzing Z-6020 1377
absorbents 1386
absorption 576
– band 944
– spectra 1047
acenaphthene 406
acenaphthylene 406
acetal bonds 1321
(Z)-α-(acetamido) cinnamic acid 977
acetate 490
acetate anion 491
acetic acid 49, 247, 255, 256, 282, 327, 753, 780,

782, 903
acetone 53, 247, 861
acetonitrile 594
acetophenone 47, 52
acetylacetonates 214, 255, 807
– ligand 53
acetylacetone (2,4-pentanedione,

C5H8O2) 169, 212, 256, 260, 389, 807
acetylation 457, 464
acetylcholinesterase (AChE) enzyme 1423
N-acetyl-D-glucosamine 1084
AChE biosensor, for pesticide

determination 1429
acid–acid composite PEMs 1083
acid–base inorganic–polymer blends 1083
acid–base polymer blend membrane 1079
acid-base/redox catalysts 462
acid catalysis 322, 1350
acid-catalyzed growth, of silica 692

acid-catalyzed hydrolysis 347
acid-catalyzed sol-gel process
– synthesis of a bioactive glass 1351
acid hydrolysis 1390
acidic catalysis 1350
acid-peptized iron(III) hydroxide

(FeOOH) 815
acid phosphatase 403
acoustic vibrations 723
acrylamide 1327
2-acrylamido-2-methylpropanesulfonic acid

(AMPS)-containing UV-curing
nanocomposite membranes 1083

acrylate 169
acrylate-modified silica–titania sol–gel

films 176
acrylate-modified zirconium(IV) propoxide

precursors 947
acrylic acid 1129, 1130
acrylonitrile–methyl methacrylate–styrene

(AMS) terpolymer 1102
activation energy 286, 424
activation–relaxation technique 768
active targeting 1313
– antibodies 1313
– aptamers 1316
– oligopeptide fragments 1315
– proteins 1316
– small molecules 1316
actuators 841
additive 1389
adenosine 400
adenosine monophosphate 400
adenosine triphosphate (ATP) 403
– responsive mesoporous silica

nanosystem 1323
adipic acid 1135
adsorbents 789
adsorption 349, 1032
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adsorption-desorption isotherms 1036, 1037
advanced oxidation processes (AOPs) 911
aerogel 4, 60, 112, 318, 323, 324, 338, 474, 519,

746, 753, 803, 1136, 1385, 1386
– -based capacitors 558
– -based insulation material
–– developed for pipe insulation 1399
–– sheets 1396
– for biomedical applications 559
– for building applications 1392, 1397
– for catalysis: chemistry applications 556
–– alumina-based aerogel 556
–– carbon aerogels 557
–– othermixed oxides composite aerogels 558
–– silica-based aerogel 556
–– titania-based aerogel 557
–– zirconia-based aerogel 557
– characterization methods 546
–– chemical characterization 548
–– mechanical characterization 550
–– optical characterization 552
–– structural characterization 547
–– thermal characterization 549
– dried by LTSCD 1391
– exotic gels 534
– -filled PMMA double-skin sheet 1400
– gel preparation, silica gels 521, 526
– global market for 1386
– granule sizes 1400
– large volume–high performance 560
– like materials 796
– monoliths 318, 338, 339
–– fabrication 322
– nonsilica inorganic oxide gels 529
–– alkoxide-based inorganic gels 526
–– epoxide-initiated metal oxide gels and

composites 528
– organic and biopolymer gels 529, 534
–– cellulosic aerogels 532
–– hybrid biopolymer gels 533
–– polyurethane gels 531
–– resorcinol–formaldehyde gels 530
– pore size of 1393
– preparation 331
– schematic illustration of applications for 554
– selected examples and applications 553
– small volume–high specialization 559
– in space exploration 558
– for supercapacitor, and battery research 558
– for superinsulation 554
–– organic aerogels 555
–– silica aerogels 555
– synthesis and processing 521, 1388, 1389

– thermal background 1387, 1388
– as thermal insulation material 1386
– total transmittance spectra 1401
– translucent sample, for space missions 1397
aerosol 73, 305
– deposition 1259
– particles 75
– techniques 1362
aerospace 800
aflatoxins 1314
Ag+ cation 921
Ag-Cu nanoclusters 1262
Ag-doped In2O3 powders powders 1181
Ag-doped samples 730
Ag-doped titania coatings 924
Ag formation 1049
agglomerate-free suspension 234
agglomeration 48, 229, 1416
– strength 269
aging 23, 1345, 1346, 1350, 1390
– accelerated climate 1403
– diffusion controlled 1390
– of gels 1389
– on textural properties and crystalline phase

composition 1019
Ag nanoparticle
– -decorated sol-gel carbon nanotube/silica

nanocomposites 1427
Ag nanoparticle-incorporated PEO

nanofibers 426
Ag nanoparticle-modified sol–gel

silica@graphene oxide core/shell
nanocomposites 1419

Ag nanoparticles 425, 426, 431, 921, 952, 1418
agneto-optical properties, sol-gel

processing 823
Ag NPs, photodeposition of 1046
Ag+ photoreduction 1046
Ag/Si molar ratios 731
Ag/TiO2 films
– bactericide activity on EHEC 922
airflow rate 915
air-liquid foams 72, 993
alacto-polysaccharides 1322
Al3+ alkoxide hydrolysis 455
Al alkoxides 455
Al(CH3)3 hydrolysis reaction 1002
alcogels 802
alcohol-based synthesis 1100
alcohols 1420
alcoxolation 50, 319, 847
aldol condensation 49
Al-doped silica-montmorillonite PCHs 448
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Al-doped Zn oxide (AZO) 1258
Alexa fluor dyes 900
alginate 635, 636, 638
aligned carbon nanotubes (ACNTs) 1227
aliovalent Mg2+ cation substitution 1134
aliphatic alcohols 196
alkali-doped titania 1413
alkaline aqueous solution 1003
alkaline earth carbonates 862
alkaline earth metal 1088
– ions 781
alkaline earth oxides 1088
alkaline phosphatase 403, 1354
alkanolamines 169, 850
alkene 56
– hydrogenation catalyst 972
alkoxide-carboxylate lead zirconate titanate

(PZT) 702
alkoxide–oxide interface 1013
alkoxides 201, 213, 245, 246, 247, 282, 321, 445,

472, 780, 1390
– aerogels 527
– -based inorganic gels 527
– -based precursors 520
– -based sol-gel processing 1124
– -based sol–gel synthesis 1098
– central metal atom, reactivity order of 1016
– -derived alumina–silica 997
– -derived TiO2 1137
– group, structure of 1016
– hydrolysis/condensation 1123
– -like molecular precursors 620
– lithium ion batteries 1124
– metal atom 1016
– precursors 322, 1097, 1240
– silanols 323
– sol-gel route 1124
alkoxide tetraethyl orthosilicate
– to synthesize Li2FeSiO4 1124
alkoxo ligands 198
alkoxysilanes 4, 20, 195, 196, 197, 198, 234, 235,

348, 375, 444, 450, 491, 587, 685, 728
– agents, organofunctionalized 235
– complexes 198
– monomers 176
– precursors
–– hydrolysis and polycondensation of 354
–– self-assembly properties 135
– silica upon hydrolysis–condensation of 122
alkylalkoxide 1084
alkyl alkoxysilanes 197
alkyl amines 798
alkylammonium ions 447, 449, 454

alkylammonium surfactants 445
N-alkylation
– of aminefunctionalized benzene-based

crystal-like PMO 593
alkylene oxide 804
alkyl halides 31, 32, 49, 50
– elimination 50
alkylsilanediol model compound 526
alkylsilanetriol model compound 526
alkyl-substituted acetoacetates 179
alkyl trialkoxysilanes 132
alkyltrimethoxysilane 354
alkyltrimethylammonium cations 575
alkyltrimethylammonium chloride/

bromide 581
alkyltrimethylammonium halide surfactant

(CnTMACl/Br) 590
alkyltrimethylammonium surfactants 994
alloy metal nanoparticle formation
– time evolution of 760
alloy precursors 319
allylbenzene, isomerization of 965
Al-O-Si bonds in aluminosilicates 1008
Al2O3-SiO2 mineral binary (mullite) 326
Al2O3-, SiO2-, or CF3-terminated surfaces 477
Al2O3 supports 480
Al2O3–YAG nanocomposite powder 269
Al2O3–ZrO2 nanocomposites 266, 267, 269
alpha-amylase enzyme 1254
Al/Si ratio 455, 459
alternating magnetic field (AMF) 832, 1331
alumina 325, 480, 775
alumina aerogel 527, 529
alumina catalyst supports 660
alumina-coated BCP templates 435
alumina hydrolysis 1011
alumina-montmorillonite

nanoarchitecture 455
alumina nanofillers 1214
alumina sol–gel matrices 965
alumina-yttrium aluminum garnet 269
alumina-zirconia (AZ)
– nanopowders 269
alumina–zirconia (AZ)
– formation 1001
aluminoborosilicate 1246
alumino-silica development 634
aluminosilicate ester 1008
– containing an Al-O-Si linkage 1008
aluminosilicates (ASs) 122, 745, 1002
– formation 1001
aluminum alkoxides 201, 209, 325, 326
aluminum hydroxides/oxyhydroxides 1019
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aluminum isopropoxide 200, 591
aluminum oxide hydroxide 326
– gels 326
aluminum salts 326
aluminum substrate 1256
aluminum titanate 248, 263, 265
aluminum-titanium composites 1257
aluminum tri-isopropoxide (AlTiPO) 448
aluminum tri-sec-butoxide (ATSB) 455, 480,

1001, 1227
Alzheimer’s disease 1429
amalgam processes 1422
Amberlist-36 457
ambient pressure drying (APD) 537, 1390,

1392
amidases 1323
amine- and amide-based hybrids 902
amine-functionalized PCHs 450
amines 537
amino acids 503, 610, 634, 662, 1358
N-2-(aminoethyl)-3-aminopropyltri(methoxy)

silane 537, 979
amino-functionalized silica-modified gold

electrode, fabrication of 401
amino-functionalized triethoxysilane

precursors 691
aminolysis 55
aminopolysaccharides 1319
aminopropylalkoxysilane 1315
3-aminopropyltriethoxysilane (APTES) 148,

348, 373, 380, 388, 389, 404, 475, 537, 897,
903, 1082, 1083, 1084, 1187

– -based hybrids 904
–– emission spectra of 902
– -derived hybrids 904
– -derived materials 904
– -derived organosilica NPs 905
– grafting 464
3-aminopropyltrimethoxysilane

(APTMS) 391, 400, 403, 407, 449, 580
– -based molecularly imprinted films on gold

electrode 402
aminosilane 131
amino–silica/silver nanocomposite-modified

glassy carbon electrode 1427
ammonia 282, 449, 474, 476, 478, 997
– atmosphere, mesostructured TiO2

coatings 922
– mediated nitridation 745
ammonia-catalyzed hydrolysis 349
ammonia hydroxide 431
ammonium carboxylate zwitterions 504
ammonium hydroxide 1349, 1360

ammonium metatungstate hydrate 33
ammonium sulfonate 504
amorphous meso–macroporous

materials 1022
amorphous mesoporous materials 999
– solid-state secondary crystallization

process 999
amorphous organosilicas 129
amorphous TiO2 films 1192
amorphous titania 62
amperometric 1416
– sensor 1427
amphiphilic biopolymer templates 114
amphiphilic block copolymer P123
– poly(ethylene oxide) surfactant Brij 56,

mixture 1004
amphiphilic block copolymers 345
amphiphilic molecules 1035
amplified spontaneous emission (ASE) 946
tert-amyl alcohol 56
amyltriethoxysilane (ATEOS) 1283
analogous synthetic approach 1199
anatase 175, 912, 1035
anatase-based materials 455
anatase nanoparticles 60, 449, 461
anatase-phase TiO2 nanocrystals 720
anatase-rutile mixtures 913
anatase titania, deposition of 359
angiogenesis 1316
angiotensin II 1312
angular frequency, of transition 1292
3-(anilinepropyl)trimethoxysilane 898
anilinium 1321
anionic forms, of polyol complexes 198
anionic polymers 747
anionic silanolate groups 593
anionic surfactants 124, 580
– molecule 131
anionic surfactant-templated mesoporous

silica (AMS) 501, 576
anionic surfactant templating method 580
anionic templated mesoporous silica

(AMS) 501
– based nanocomposite membranes 1084
– mesophases, formation of 502
anisotropy 768, 1032
annealing 126
– temperatures 722
anodically electropolymerized polypyrrole

film 391
anodic corrosion current 395
anodic electrodeposition 377, 378
anodic stripping analysis 398
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anodic stripping voltammetry 398
anodized aluminum oxide (AAO)

membranes 379, 415
antenna effect 1294
anthracene 481
– derivatives 144
anti-abrasion 277
antibodies 1313
– herceptin 364
anticaloric coatings 277
anticancer drug camptothecin 364
anticancer drug doxorubicin 365
anticorrosion 277
– performance 395, 396, 397
–– electrodeposited silane sol-gel films 396
antifouling (AF) 1058
– material 758
– paints 1383
– technology route 1063
antimony-doped tin oxide 61
– nanocrystal 61
antireflection (AR) 277, 394, 923
– coatings 345, 361, 405, 407, 1258
– hybrid silica-based layer 924
antistatic 277
– amorphous V2O5

antitumor drugs 1309, 1346
A12O3–ZrO2 powder powder 268
apoptosis 640
AquaFast paint 1062
aquaporins 614
aqueous acetic acid
– photocatalytic decomposition of 915
aqueous NaCl 1011
aqueous niobium chloride/propylene oxide

sol–gel 1138
aqueous sol-gel processes 227, 228
– metal oxides 231, 232
– silica nanoparticles 228, 229
–– properties of 230
aqueous sol-gel route 815
aquo complex 12
Arabidopsis thaliana cell, SEM

micrograph 1066
architecture-directing agent 480
ArF excimer laser 176
arginine-glycine-aspartate (RGD)
– peptides 1315
– RGD-containing peptide 1332
argon 1399, 1404
Ar+ laser 722
articular cartilage 1346, 1347
– regeneration 1347

artificial neural networks 269
2-arylpropylamines 976
ascorbic acid 1425, 1426
– oxidation 1426
aspect ratio 183
ASPEN aerogels 520, 555
– insulation 1398
astaxanthin 641
atomic force microscopy (AFM) 380, 420, 547
– ferropiezoelectric PbTiO3 thin films 873
atomic layer deposition (ALD) 43, 431
atom transfer radical polymerization

(ATRP) 236
ATO sol-gel film containing carbon

nanotubes 1189
Au nanocages 1330
Au nanofibers 419
Au nanoparticles (NPs) 419, 1417, 1418
– -doped optical sensors 713
– optical absorption of 1199
– -TiO2 films 734
Au nanorods 481
Au NPs/SiO2 composite films 393
AuNPs:TiO2 films 734
Au@SiO2 particles 361
Au-TiO2 films 736
– fabricated by pulsed laser deposition

technique 734
–– closed-aperture Z-scan curve 735
autologous chondrocytes 1347
auxiliary additives 1020
average particle size 729, 732, 733
avidin 638
Avogadro’s number 768
3-azido-propyl trialkoxysilanes 200
aziridination, of styrene 450
azobenzene groups 176, 1246, 1328, 1333
azobisisobutylonitrile (AIBN) 757
2,2-azobis(2-methylpropionitrile)

(AIBN) 1376
azo-dye 462

b
BABA sequence 668
BaCeO3-based materials 1092
Bacillus subtilis 990
BacLight analysis 404
bacteria 388, 391, 394, 400, 403
– -created biofilms 1244
– cultures 1244
bacterial cellulose (BC) 950
bactericidal effect on Escherichia coli

(ECEH) 921
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Baeyer–Villiger oxidations 968
Ba(Fe0.5Nb0.5)O3 (BFN) ceramics 261
Bancroft rule 100
Band assignments 934
band gaps 732, 1040, 1049, 1300
– energy position 912
– of the NPs 733
barium 779
barium acetate 255, 256, 257
– solution 255
barium alkoxides 375
barium cerate (BCY) 1091
barium evaporation 1092
barium ferrite fibers
– prepared by aqueous sol-gel route 815
barium magnesium tantalite 248
barium oxofluorotitanate 620
barium 2,4-pentanedionate 256
barium strontium titanate 256, 1198
– nanoparticle-polymer nanocomposite 886
barium titanate (BaTiO3) 255, 386
– alkoxide-carboxylate sol-gel precursor

films 699
– films 844
– nanopowders 255
– powders 255
Barrier properties, of silane films 1059
Basic Blue-41 462
Basogel product line 520
Basolite F300 482
Ba0.5Sr0.5Co0.8Fe0.2O3-δ (BSCF) cathode

material 1095
– conducting perovskite oxide 1095
(Ba, Sr)TiO3 nanopowders 256
batteries 1031, 1386
battery researchers 1119
BaZr0.8Y0.2O3-δ proton conductor proton

conductor 1092
BC membrane containing Rh6G 951
B-doped Mg4Nb2O9 261
B-doped MgTiO3 258
Becquerel’s formula 822
beidellite 444
bentonite
– hybrid sol-gel silica, TEMmicrographs 1220
benzaldehyde 463, 593
1,4-benzene-dicarboxylate 474
benzene-in-water emulsion 351
benzoate 57
benzoic acid 46
benzophenone derivatives 1254, 1255
benzophenone–sodium complex 201
benzoquinone 404

benzoylacetone 168, 177
benzoyl peroxide 335
benztriazol 1254
benzyl acetate 53
benzyl alcohol 32, 44, 45, 46, 47, 52, 53, 54, 55,

56, 57, 58, 59, 61, 62, 214, 407
– degradation by electrolysis 407
benzyl alcoholate 55
benzyl alcohol route 233
benzylamine 214
benzyl carbocation 55
benzyl chloride 55
benzyl dimethyl ketal initiator 176
benzylpenicillin 1429, 1430
Berkovich indenter 1208
beta-diketonates 214
beta-diketones 212
BET-specific surface area with particle size 230
[BF4] anion 491
Bi carbon porous composite 1417
bicontinuous macroporous inorganic oxide

materials 991
bienzyme biosensors 403
bifunctional PMOs (BPMOs) 586
– molecular-scale periodicity 586
biliquid foams 72
bimodal binary oxides, with multiple

porosities 1006
bimodal meso–macropore structure 990
bimodal mesoporous materials 997
bimodal mesoporous structures 988
Bi nanoparticle composite 1417
binary metal oxides 1181
binary oxides, sol–gel synthesis of 1098
binary Si/Ti oxide xerogels 796, 799
binary systems 1351
binary TiO2-SiO2 aerogels 800
bioactive ceramics/glasses 1345
bioactive glasses 1346, 1347, 1349
– cotton-wool-like fibers 1356
– foam scaffold 1355
– particles 1356
– scaffolds 1354
bioactive mesoporous particles 1362
bioactive nanoparticles 1362
bioactive silica 1357
bioactive sol-gel glass 1349
– monolith 1350
bioactive xerogel 1349
bioactivity 1347
– in bone regeneration 1357
bioapplications, magnetic nanoparticles 825
biocatalysts 105, 587, 979
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biocers 641
biochemical conditions, of silica formation 609
biocompatibility 393, 400, 632, 1414
biocomposite films 394, 403
biodegradable polyesters
– conventional 1358
biodiesel fabrication. 457
biofilms 1243, 1244
biofouling 1382, 1383
biogenic oxides 606, 608, 631, 632, 635
biogenic silica 617
– chemical features of 610
– structures 614
biogenic solids 609
bioglass 1347, 1348
Bioglass 45S5 1349
biohybrid materials 631
bioimaging 576
bioinert materials 1347
bio-inspired integrative
– synthesis 72
bio-inspired materials 71
biological systems 71
bioluminescence 403
biomaterials 1345
biomedical applications, of materials 1345
biomedical domain 576
biomedicine 577
biomicroelectromechanical systems

(Bio-MEMS) 952
biomimetic approaches 605
biomimetic/bioinspired mineralization
– devices based on 638
– materials based on 638
biomimetic polyamines 629
biomimetic sol-gel chemistry 618
biomineralization 605, 609, 631, 636, 638, 641
– pathways 605
– process 641
– strategies 640
biomolecules 1414
bionanocomposite 454
biopolymers 576, 636
bioreactors 471. See also photobioreactors
BioSeed-C 1347
biosensing 405, 576
– films 400
biosensors 114, 141, 587, 634, 641, 1262, 1427
– amperometric response, for H2O2 and a

detection limit 1428
– H2O2 and glucose detection 1427, 1429
– horseradish peroxidase enzyme-doped silica/

gold nanoparticle

–– composite-based 1428
– optical/electrochemical 1414
– organic molecule detection 1429
– for organophosphorus (OP) pesticide 1423
– sol-gel silicate/gold nanoparticle composite

biosensor
–– for glucose detection 1419
biosilicification 609, 613, 617, 630, 636, 637,

641
– chemical background from 618
biosurfactants 114
biotracers 1262
4-biphenylmethanol 45
bipolar configuration 1241
birefringence 1259
bis-imidophenylenevinylene 149
bismuth 779
bismuth-amine complexes 850
bismuth–molybdenum–titanium xerogel 557
bismuth nitrate 1417
bismuth oxide disks 1089
bismuth oxide films 1091
bismuth titanate 781
bis(n-butylcyclopentadienyl) zirconium

dichloride 454
bis(rhodamine Schiff-base derivative)-bridged

PMOs 594
bis(rhodamine Schiff-base derivative)-bridged

precursor 594
bis-silylated diureidostilbene,

polycondensation 143
bis-trialkoxysilane precursors 355
bis-trialkoxysilyl-substituted

oligothienylenes 141
1,4-bis(triethoxysilyl)benzene 145, 965
1,2 bis(triethoxysilyl)ethane 354, 966
1,2-bis(triethoxysilyl)ethane (BTESE)
– based polymeric colloidal sols 686
– based sols, room temperature of 687
– niobium pentaethoxide sols 690
bis-1,2-(triethoxysilyl)ethane (BTSE) 391, 396,

397
1,2-bis(triethoxysilyl)ethene (BTEE) 591
bis(trifluoromethylsulfonyl) imide 490
1,4-bis(trimethoxysilyl)benzene 977
1,4-bis[tris-(2-hydroxyethoxy)silyl]

benzene 795
1,2-bis[tris-(2-hydroxyethoxy)silyl]ethane 795
blackbody 884
– radiation 887
bleaching kinetics 1249
block copolymer (KLE) 989, 1035
block copolymer surfactant (P123) 988, 997
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blood clotting 1362
blue copper dye
– from Cu2O 1152
blue LEDs 887
– chip 886
blue light 1328
blue pigment of Mn-doped YInO3 1162
11BMASNMR spectra recorded for bulk LiBH4

and the LiBH4@Carbon materials 111
BM26B beam line’s optical bench 685
BM26B optical system, schematic layout 685
BMT ceramics 261
BNKT ceramics 260
boehmite 1019
boehmite crystallites to γ�Al2O3

– phase transformation 1005
boehmite-derived hybrid nanoparticles 888
Boltzmann distribution 286
bone 1346
– defects 1345
– density 1346
– grafts, synthetic 1345
– implant interface 1348
– matrix production 1349
– progenitor cells 1349
– tissue regeneration 576
bone bonding 1348
– to HCA layer 1349
Born-Green approximation 678
boronate ester 1321
boron neutron capture therapy (BNCT)

1317
borophosphates 887
borosilicates 745, 1246
bottom-up technique 1039
bovine serum albumin (BSA) 403
– acting as templates 638
Bpy-based metal complexes 594
Bpy-PMO, heterogeneous Ir-catalyzed direct

C-H borylation 594
Bradley reaction 213
Bragg angle 734
Bragg diffraction 938
Bragg grating structure 952
Bragg reflectors 1036, 1042, 1049, 1258
Bragg scattering 947
breast cancer cells (MCF-7) 1316
bridged organosilane precursors 576
bridged silsesquioxanes (BSs) 128, 584
– hollow nanoparticles of 354
– lamellar 135
Brij 56, 590
Brij 58

– mesoporousTiO2-anatasefilms,methyl ethyl
ketone degradation 918

– nonionic surfactant 1132
Brij 76, 590
broadband antireflection coatings 1049
Brønsted acid 803
Brönsted base 201
Brönsted-type acidity 448
Brownian motion 286
Brown loss 833
Bruggerman EMA 1037
Brunauer-Emmett-Teller (BET) analysis 265,

423
Brus effective mass model 734
BSCF fuel cells 1095
BTAB precursor 591
1,4-BTEB alkoxy derivative of 591
building block 3, 20
bulk electrodes 1419
bulk sol-gel nanocomposite working electrode,

conventional 1420
buried channel waveguides, propagation

patterns 726
Burkholderia cepacia lipase 980
Bushan model 1229
butanol 780
tert-butanol 61
1-butanol 247
1-butene isomerization 803
2-butoxyethanol 778
tert-butyl alcohol
– freeze-drying of silica gel microhoneycombs

(SMHs) 992
n-butyl amine (BA) 693
4-tert-butylbenzyl alcohol 57
4-tert-butylcatecho 46
1-butyl-3-methylimidazolium bis

(trifluoromethylsulfonyl)imide [C4mim]
[NTf2] 490

1-butyl-3-methylimidazolium
tetrafluoroborate 90

butyl titanate 258

c
Cabot aerogel 520
CABOT aerogels 555
CaCO3 nanoparticles
– hollow silica nanoparticles 350
cadaverine 630
cadmium sulfoselenide Cd(SxSe1-x) solid

solutions 1156
Ca-doped PbTiO3 (PCT) 253
CaF2-SiO2 xerogels 945
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calcinations 30, 123, 125, 129, 251, 320, 347,
421, 430, 449, 458, 463, 575, 578

– in an oxidizing atmosphere and 421
– of core–shell
–– composite particles 359
– of inorganic precursor/polymer composite

nanofibers 417
– temperatures 265
calcining temperature 260
calcium 1352, 1354, 1357, 1362
– contents 1362
– distribution 1355
calcium acetate monohydrate 253
calcium acetylacetonate 861
calcium alginate 374
calcium carbonate 605, 633
calcium chloride 1360
calcium-copper titanate 1199
calcium ethoxide 201
calcium ions 1348, 1349, 1351, 1352, 1353,

1356, 1359
calcium methoxyethoxide (CME) 1360
calcium nitrate 1351, 1352, 1356, 1360
calcium nitrate tetrahydrate 1350
calcium oxide 1350, 1362
calcium phosphates 632, 633, 1349
– precipitation 1348
calcium titanate (CaTiO3) nanoparticles 258
calcium titanosilicate 248
calorimetric gas sensors 1173
calorimetric sensors 1414
– measure 1174
camptothecin 1316, 1330
Candida Rugosa 104
capacitance (C) 769, 1415
– voltage curves 782
capacitors 841, 844
(Ca, Pb)TiO3 perovskite thin films
– on different substrates promoting stresses

and 870
– spontaneous pyroelectric coefficients 871
– on two different substrates promoting

preferred orientation of 870
capillarity/evaporation regime
– thickness vs. withdrawal speed 298
capillary condensation 1036
capillary forces 4, 25
capillary pressure 320, 797, 1390
capillary tension 1391
capping agent 1323
capsule-based systems 239
capsule size 78
carbazole charge-transporting molecules 1259

carbocation 56
carbodiimide chemistry 1358
carbonaceous shell 606
carbon aerogels 557, 561
carbonates 861
carbon coating 1131
– formation of 1100
– LiFePO4 1128
–– material 1134
carbon dioxide 1385
– sequestration 112
carbon gel microhoneycomb materials 992
carbonic anhydrase 1326
carbonization 197
carbon materials 534
carbon nanofibers 418, 419
carbon nanoparticles 1136, 1257
carbon nanotubes (CNTs) 62, 89, 388, 391,

394, 405, 427, 630, 1136, 1208, 1222, 1414,
1422, 1425, 1426. See also multiwalled
carbon nanotubes (MWCNTs)

– bundles 1223
– C-C bonds 1222
– –ceramic composite 1429
– dispersed in silica sol-gel

nanocomposites 1416
– -doped FSG 333
– -doped silica 1226
– modified, glassy carbon electrodes 404
– -reinforced coatings 1229
– -reinforced silica coatings
–– nanoindentation tests 1228
–– Young’s modulus and hardness 1227
– silica coatings (See CNT-silica coatings)
carbon, silica 1414
carbon/transition metal oxide

composites 1138
carbon xerogels 561
carbothermal reduction 92
carboxyl acid 1320
carboxylated polyethylenimine (PEIC) 851
carboxylates 214, 847
carboxylic acids 212, 798, 902, 903, 1128, 1319
– -functionalized silica nanoparticles 476
cartilage 1346
– cells 1347
– does 1347
– high-quality 1347
catalysis 471
catalysts 9, 1386
catalytic activity 449
catalytic process 975
catalytic properties, porosity effects 967
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catastrophic fracture 1354
catechols 609
cathode ray tubes (CRTs) 168, 1258
cathodically electrodeposited
– sol-gel/BSA composite film 403
cathodic deposition 391
cathodic electrochemical deposition 377
– of silane-based sol-gel films 400
cathodic electrodeposition 377, 378
– of silica conductive polypyrrole layers 392
cathodic potential 376
CaTiO3 ceramics 259
cationic ammonium surfactants 126
cationic costructure directing agent

(CSDA) 501
cationic epoxy resin 392
cationic fluorocarbon surfactant IC-11

[C8F17CH2OHCH2NH(C2H5)2Cl] 988
cationic organic substructure
– and anionic surfactant molecule TA� 131
cationic surface 593
cationic surfactants 447, 458, 503, 580, 593,

748
CaTiO3-(Sm, Nd)AlO3 solid solution 259
CA–titanium complex 798
Cauchy-Lorentz model 1034
Cauchy model 1034
Cauchy parameters 1034
Ca-Zn matte glaze 1152
CA Z-scan curves 737
CA Z-scan technique 738
13C CP MAS spectra 659
Cd-doped TiO2-SnO2 powders 1191
CDDP-carboxylate complex 1322
Cd2+ ions 732
CdSe nanoparticles 732, 1043
Ce-doped barium yttrium garnet 263
Ce-doped lutetium aluminum garnet 262
Ce-doped ZnO films 1195
Ce0.8Gd0.2O1.9 (CGO) 1094
– electrolyte films, dip-coating 1094
Ce(III) oxides 397
Ce0.8La0.2-xYxO1.9

– codoped ceria electrolytes of 1090
cell growth vehicles 415
cells employing insertion compounds 1096
cellular phones 884
cellulose 487, 530, 635
– aerogel 532
– derivative membranes 991
– fibers 62
– nanocrystallites 636
– nitrate 991

– substrates, electrical conductivity of 1232
CeMo nanocontainers 1375, 1379
– SEM of 1374
centrifugal forces 291, 293
centrifugation 349
CeOCl nanocrystals 32
CeO2-doped LSCAS glass 1297
ceramic bodies 257
ceramic coatings
– cost-effective technique 1207
– limitations of 1207
– metal alkoxides
–– fabrication of films 1207
ceramic composite bulk electrode 1425
ceramic filler
– cross-linking of 1216
ceramic films 480
ceramic glaze formulations 1148
– acid oxides/former oxides 1148
– amphoteric/neutral/intermediate oxides/

stabilizer oxides 1148
– basic oxides/flux oxides/network

modifiers 1148
– insoluble oxides/opacifiers 1149
ceramic materials
– preparation of 1145
ceramic oxides 318
ceramic pigments 1149, 1158
– characteristics 1149
– coloring methods 1149
– dyes 1149
– Google-Academic search tool for 1151, 1163
– high refraction index 1150
– for inkjet 1163
– low solubility, in molten glazes 1150
– technical requirements 1150
– thermal stability 1150
– trends 1157, 1158
– of white porcelain 1154
– zircon stains family 1155
ceramic powder 250
ceramics 178, 247, 248, 472, 475, 480, 1346
– for MOF technology 475
– seeds 478
– from sol–gel oxide powders 248
Ceria (CeO2) 359
Ceria-based solid solutions 1089
Ceria nanoparticles 58
cerium acetate 463
cerium acetylacetonate 58
cerium alkoxides 32
cerium halides 32
cerium oxide NPs 184

1444 Index



Ce0.8Sm0.1Y0.1O1.9 1090
cetylpyridinium chloride 503, 581
cetyltrimethylammonium bromide 348, 434,

447, 452, 578, 816, 964, 988, 1178
– emulsion 976
– -silica template films 693
– and Si molar ratio 694
– -stabilized emulsion system 348
– surfactant 379, 388
– -templated films 696
–– silica thin films, in situ studies 694
– typical size distribution 949
cetyltrimethylammonium cations 458
cetyltrimethylammonium chloride/

bromide 581
cetyl(trimethylammonium)-p-

toluenesulfonate 976
chaotropic anions 385
charge–discharge cycling 1097
[CH3(C8H17)3N]+[RhCl4]-catalyzed

hydrogenation of chalcone 975
chelate effect 794
chelating agents 169, 256, 259, 265, 325
chelating groups 1417, 1420
chelating ligands 197, 212, 797
chelation 168
– of titania precursor 180
chemical bath coating 853
chemical bond 1346
chemical composition effects 321
chemical connectivities 657
chemical etching, of silica walls 998
chemical inertness 1414
chemical nonlinearity 177
chemical–physical methods 165
chemical resistance pigments 1158
chemical sciences 71
chemical sensors 415, 424, 1173, 1413, 1415
chemical shift 657
– interaction 653
– value 664
chemical solution deposition (CSD) 843
– main steps of thin films 845
chemical stability 388, 1031
chemical transformations
– entrapment of acidic catalyst 965
chemical vapor deposition (CVD) 165, 278,

434, 1224
chemisorption 773
chemoresistive properties, of indium

oxide 1180
chemotherap 1346
chemotherapeutic drugs 640

chemotherapy drug 1361
CH4 foam 1015
chimie douce approach 121
Chinese porcelain 1146
Chinese pottery 1152
chiral amino acid 592
chiral mesoporous silica (CMS) 580
chiral organosilica helices 134
chiral organosilica materials 134
chitin 635
chitosan 374, 391, 392, 393, 403, 404, 530, 635,

1359, 1421, 1426, 1430
– -modified silica aerogels 533
chloride 490
chloride microtraps 1377
chloroform 336
C12H25(OC2H4)4OH 693
choline-stabilized silicic acid 633
chondrocytes 1347
chromatography 575, 576
chromium-doped anatase 1191
chromium-doped calcium zirconate

lakargiite 1161
chromium-doped gahnite 1161
chromium-doped malayaite Cr-

CaSnSiO5 1149
chromophores 141, 144, 145, 152, 153, 889, 900
chymotrypsin 620
CIE color coordinates 888
CIJ. See continuous inkjet (CIJ)
cisplatin (CDDP) prodrug 1326
citric acid 249, 252, 260, 264, 265, 798
– -based gel method 1092
Clausius–Mossotti equation 768
clay delamination 453
clay platelets 453
clay, triaxial system 1146
cleft palates 1345
click chemistry 198
click reactions, for synthesis of new
– precursors 200
C3 linker 139
cloaking 1050
CMOS (complementary metal oxide

semiconductor) 768
CNTs. See carbon nanotubes (CNTs)
CNT-silica coatings 1227
– average fracture toughness 1228
– average hardness/Young’s modulus 1227
– electrical properties 1232
– FEG-SEM micrographs 1226
– hybrid sol–gel silica, TEM

micrographs 1220

Index 1445



– mechanical Properties 1227
–– toughness 1228, 1229
–– wear testing 1229
– Mg alloy 1231
– Mg–Al alloy 1231
– SEM micrographs 1230
– TEM micrographs 1225
– thermal properties 1232
coagulation 463
coalescence 76, 80
coal extraction 1119
coarsening 24
coat-epoxy-Ppy-TiO2-1MB-MgZK10 1378
coating 25
– of soft/hard templates 346
– techniques 279, 854
– thickness 1088
coaxial electrospinning 430
cobalt-doped CCTO 260
cobalt ferrite 1259
– nanoparticles 1259
cobalt(II) acetate tetrahydrate 426
cobalt(II) monoxide nanoparticle-embedded

carbon nanofibers 424
cobalt:L-malic acid ratio 1128
cobalt nitrate 260
cobalt oxide nanoparticles 55
cobalt-platinum particle 625
C-O-C asymmetric vibrations 727
coccolithophorids 605, 606
co-condensation method
– disadvantages 584
(Co, Cu)-doped calcium titanate 259
co-electrodeposition 391, 405
– of silane 400
–– with silica or titania nanoparticles 396
CO2 emissions 1072
coentrapped catalysts
– synergism and multisteps 969
CO2 gas bubbles 995
– schematic diagram 995
CO2 laser 175
Cole-Cole plot 261
collagen 1324
– fibrils 1349
– -silica system 632
collector plate
– optical conversion efficiency 1288
colloidosomes 76
colloids 10, 18, 195, 733
– chemistry methods 732
– crystals 938, 1009
– iron oxide 195

– latex spheres 989
– MOF layer 303
– particles 245
– photonic crystals SB, effects 939
– silica particles 348, 358
– sol-gel made pigments 1162
colored glazed ceramics 1148
– black, pyrolusite (β-MnO2) 1154
– blue cobalt silicate CO2SiO4 olivine 1152
– ceramic pigments of white porcelain 1154
– ceramic pigments, trends 1157, 1158
– ceramic pigments, zircon stains family 1155
– cost and hazardous properties 1156
– eco-friendly pigments, development of 1157
– forbidden/limited pigments 1156
– pigments, of white porcelain 1151
– pigment stability improvement 1156
– red cuprous oxide Cu2O 1152
– yellow lead(II) antimonate Pb2Sb2O7 cubic

pyrochlore 1153
color rendering factor 1402
color-rendering index (CRI) 884
– values 888
combinatorial phage display strategies 624
commercial inorganic WLEDs 886
complementary DNA 1331
complex coacervates 636, 637
complex Fresnel coefficients 1033
complexity, in chemistry 72
complex materials, synthesis of 214
complex systems, obtained from spin coating

deposition 295
composite ceramics 266
composite glasses 338
composite nanostructures
– synthesis optical prperties 1037
composites 43
Compton effect 181
condensation 83, 149, 375, 382, 578, 579, 657,

1039, 1359, 1390, 1417
– by-products 1350
– mechanisms
–– alkyl halide elimination 50
–– ester elimination 50
–– ether elimination 50
– polymerization reactions 1123
– rates 128, 325, 376
–– effect of ph 376
–– of metal oxide precursors 29
– reactions 6, 22, 29, 50, 168, 322
– of silica 614
conductive glass electrodes 1244
conductive polymers 391
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conductive transparent layers 277
conductivity 1415
– of Ti4O7 nanostructured pellets 113
conductometric 1416
– H2 sensor 1185
conductors 842
confinement effect 666
confocal fluorescence image 307
confocal microscopy 81, 82
congenital defects 1345
consumer products 800
contact angle 408
continuous inkjet (CIJ) 1158, 1164
Contour plots
– DNP-enhanced two-dimensional 1H–29Si

correlation spectrum of 660
convection 1388
conventional Bragg reflectors 295
conventional composite
– nanoscale interactions 1357
conventional electrode 1425
conventional glass corrosion 1348
conventional light sources 884
conventional TiO2 PILCs 448
CoO-embedded carbon nanofibers 424
COOH-terminated surfaces 476
Co3O4 nanofibers 426
Co-oped barium strontium titanate 257
cooperative self-assembly (CSA) 577
coordination expansion 14
coordination replication method 481
CO poisoning of anode catalyst 1073
copolymerization, of TEOS 1259
copper 47, 391
copper nanoparticles (CuNPs) 1299
copper oxide nanocontainers 1383
– TEM and SEM micrographs of 1383
CO, production amounts 1025
core–shell–corona micelles 348
core-shell electron density distribution
– spherical agglomerates 681
core–shell mesoporous silica spheres
– selective etching of 353
core/shell nanoparticles 1421
core-shell structures 430
core-shell system 638
corona 1310
correlated color temperature (CCT) 884
corrosion 457
– mechanism, of bioactive glass 1348
– protection 388, 393
– resistance 383, 394, 395, 396
corrosive media 397

co-SDAs (CSDAs) 580
CO2 sensing applications 1200
cosmetics, for hair coloration 1252
cosmotropic anions 385
cosolvent, role of 1018
costructure-directing agent (CSDA) 501
Coulomb forces 578, 582
Coulombic energy 733
coumarin 153 (C153) dyes
– one- and two-photon spectroscopy 949
counteranions 385
covalent bonds 458, 578
covalent grafting 658
CPT-loaded particles 365
crack-free thick inorganic coating 1093
cracking 25, 1354
Cr-doped CaSnSiO5

– pigments 1163
Cr-doped CaTiSiO5 1163
Cr-doped sphene pigments 1163
Cr doping 1134
cresol formaldehyde 529
CRI. See color-rendering index (CRI)
critical C-terminus motif (RRIL) 630
cross-sectional EDX analysis 389
cross-sectional SEM images
– Zn2SnO4 fibers 422
CRTs. See cathode ray tubes (CRTs)
cryo-TEM 124
crystal-like 4,4´biphenylene-bridged PMO
– hybridization 595
crystal-like domains 591
crystal-like mesoporous phenylene–silica
– derivatized with 593
crystal-like PMOs 577, 591, 593, 594, 595
crystalline anatase TiO2 nanorods 32
crystalline BaTiO3 films 1198
crystalline copper–lime silicate
– Egyptian blue 1151
crystalline α-Fe2O3 1179
crystalline hollow TiO2 particles 358
crystalline nanoparticles (NPs)
– with controlled size and shape 1176
crystalline phase of boehmite

(AlOOH-type) 1010
crystalline silica/silicate materials
– features 355
crystalline tin sphene (CaSnSiO5) 1162
crystallization 876, 1350
– mechanisms
–– classical and nonclassical 51
– pathway to tungstite qnanoplatelets 53
– of pore walls 1035
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– in silica, titania, and mixed silica–titania 175
– temperature 253
– of ultrathin films 782
crystal-matrix interface 723
CSA mechanism 578
CSD. See chemical solution deposition (CSD)
CTAB. See cetyltrimethylammonium bromide
CTA+ ions 450
CTMAB. See cetyltrimethylammonium

bromide
CuAc2/PVA composite nanofibers 420
cubic fluorite structure 1090
CuCoMnOx spinels 1256
Cu2+ fluorescence-ON chemosensor 594
Cu2+ ions 592, 594
culture human osteoblasts 1349
cumene cracking reaction 448
Cu nanofibers 419, 420
Cu2O microspheres 1262
CuO–Sea Nine 211 nanocontainers 1384
Cu(8-Q)2
– synthetic and theoretical spectra 1376
Curie temperature 260
current flux 387
curved glass 73
CuxO nanofibers 420
CVD. See chemical vapor deposition (CVD)
cyanide 1427
cyanuric acid derivatives 139
cyclic voltammetry 380, 1416
β�cyclodextrin 377
cyclodextrins 75
cyclohexyl functions 153
cyclometalation 592
cyclopentadiene derivative-based rhodium

catalyst 966
cylindrical micelles 578
cytidine 400, 402
cytosinephosphodiesterguanine

oligodeoxynucleotide 363
cytotoxic drugs 1312, 1316, 1317
cytotoxicity 1316
cytotoxic metals 615

d
DDS. See drug delivery system (DDS)
DDS applications 363
Debye Sherrer 827
decomposition
– of polymer components 417
deep X-ray lithography (DXRL) 181, 184
deferoxamine mesylate 46
degree of association 13

Degussa P25 913, 920
– commercial catalyst 455
Degussa P25 TiO2 powders (P25) 361
dehydrogenation temperature 108
dehydroiodination, to styrene 972
Demosponges 613, 615
– primorphs 617
dendrimers 576
dense ceramics 265
dense nanostructured monoliths 112
dense TiO2 coatings
– photocatalytic activity of 918
dense wavelength division multiplexer

(DWDM) system 713
densification 174, 175, 177, 182, 540
density 317
– functional theory (DFT) 656, 768
–– calculations 656
–– geometry optimization 46, 664
– modes 1032
deoxyguanosine 400
deoxythymidine 400
depolymerization 197
deposition
– conditions 293
– rate 375
– time 381
deprotonation 56, 132, 592
desert rose microparticles (DRMs) 479
detection limits 1413
devitrification of silica-titania matrix 175
dewetting 78
dextran 991
DFB grating, using SF films 953
DFT. See density, functional theory (DFT)
DH-BP(OH)2
– fluorescence quantum yield of 1292
– in polyvinyl butyral (PVB) 1291
dialkoxysilanes 755
1,3-dialkylimidazolium salts 488
diamidepropyltriethoxysilane 897
diamidosils 902, 903
diamines putrescine 630
diaminoalkanes 1320
diamminedinitropalladium ((Pt

(NH3)2(NO2)2)) 1194
diamond 71
diaphorase 404
diaryl- and dialkylimidazolium precursors 504
diarylethenes 1246
diatomite earth 617
diatoms 198, 605, 609, 610, 613, 615, 629,

636, 638
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– frustule 611
– multiscale porosity of 612
– shell 615
dibenzyl ether 44, 55
dicarboxylic acids 476, 1079
dichlorobis(triphenylphosphine)palladium

(II) 964
dichloromethane 531
2,6-dichloropyridine-N-oxide (Cl2pyNO) 977
1,3-dicyclohexylpropan-1-ol 976
didodecyldimethyl ammonium 458
dielectric ceramics 259
dielectric constant 258, 261, 262, 338, 417, 767,

768, 775, 861, 1039, 1252
– for solid solutions 768
– variation 255
dielectric loss 255
dielectric materials 769
dielectric matrix 1261
dielectric media 1036
dielectric permittivities 768, 862, 863, 864, 867,

871, 1033
– of ceramics 257
dielectric properties 862, 872
dielectrics 842
Diels-Alder reactions 239
diethoxysiloxane–ethyltitanate copolymer 799
diethoxysiloxane–ethyltitanate [Si(OEt)2OTi

(OEt)2O]x polymer 803
diethylene glycol 195
diethylenetriamine pentaacetic acid

(DTPA) 831
diethylindium alkylating reagents 965
diethylzinc (ZnEt2) vapor 474
differential scanning calorimetry (DSC) 548,

757
diffraction 1032
diffuse reflectance spectroscopy 269
diffusion 1362
– coefficient 286
– limitation 19
diffusion-limited cluster aggregation

(DLCA) 683
– growth mechanism 686, 690
digital cameras 884
diheptyl-bipyridyl-diol
– luminescence of 1298
6,60-diheptyl-bipyridyl-diol (DH-BP

(OH)2) 1290
6,60-diheptyl (2,20-bipyridyl)-3,30-diol
– fluorescence of 1291
– structural formula 1290
1,2-dihydronaphthalene

– disproportionation of 967
– to naphthalene 967, 968
– 1-tetralol, dehydration 965
2,2-dihydroxy 1255
dihydroxybenzene 1426
– isomers 1427
diisopropyl ether 799
diisopropylzinc 134
β-diketonate 860
β-diketones 848
dimerization 1328
dimethoxydimethylsilane (DMDMS) 330, 332
N-(3-dimethylaminopropyl)-N´-

ethylcarbodiimide (EDC) 1314
dimethylaminopropyltrimethoxysilane

(DMAPTS) 580
2,3-dimethylbutane-2,3-diol 973
2,2-dimethylbutan-3-on 973
dimethyldiethoxysilane (DMDES) 524
dimethyldiethoxysilane (Me2Si (OEt)2) 658
dimethyldimethoxysilane (DMDMS) 323
dimethylformamide (DMF) 541, 594
– ormosil sol-gel solution 1298
N,N-dimethylformamide (DMF) solution 698
dimethyl sulfoxide (DMSO) 1358
diorganodialkoxysilane 5
dip-coated Ce(III)-doped
– bis (triethoxysilylpropyl) tetrasulfide

(BTSPS) films 396
dip coating 279, 296, 376, 381, 714, 767, 853,

854, 1100, 1176, 1258
– advantages and drawbacks of 302
– combining models to describe

simultaneously both regimes 301, 302
– critical examples of films prepared by 302,

303
– fundamentals of 297, 299
– generalities on 296, 297
– model for capillarity regime 299, 300
– model for draining regime 300, 301
– porous films 1413
– SEM images of typical nanostructured

films 303
1,5-diphenylcarbazone 1254
diphenyldiethoxysilane (DPhDES) 1084
diphenyldimethoxysilane (DPDMS) 898
2-diphenyl-(phosphino)-ethyltri(ethoxy)

silane 979
diphenylsilanediol (DPSD) 726
dipole 731
– moment 10, 768
dipole-dipole couplings 654, 664
dipole–dipole interactions 544
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dip-pen lithography 99
direct methanol fuel cell (DMFC)
– applications 1079, 1083
– membranes 1073
direct synthetic methods, of nanotubes
– electrochemical synthetic routes 428
– electrospinning routes 428
– hydrothermal synthetic routes 427
disk-like alkoxysilane precursors
– surfactant-directed polycondensation of 593
disk-like PBI precursors 593
dispersing agent 1130
dissolution-recrystallization process. 326
distortion 1047
distributed feed-back (DFB) lasers 947, 952
– action, pump laser incidence angle 948
distyrylbenzene imide 152
disuccinatocisplatin (DSCP) 474
disulfide bonds 1324
disulfide-bridged polysilsesquioxane 1081
disulfide linkages 1325
dithiothreitol (DTT) 1324
di-/tri-alkoxysilanes
– copolymerization of 755
diureapropyltriethoxysilane 897
diureasils 902, 903, 904
– hybrids 894, 903
diureido derivative 143
diureidophenylene precursor molecules 135
diurethanepropyltriethoxysilane 897
diurethane siloxane (DURS) 1285
diurethanesils 902, 903
divalent and gemini surfactants 581
diversity 633
divinylaniline-bridged PMO material 592
divinylpyridine (v-Py)-bridged alkoxysilane

precursor 592
DLCA. See diffusion-limited cluster

aggregation (DLCA)
DMA. See dynamicmechanical analysis (DMA)
1D macroscopic structures, design 88
– electrospinning 89
–– coupling sol–gel reactions and

electrospinning 90, 93
––TiO2 fibers for dye-sensitized solar cells 89,

90
DMDES. See dimethyldiethoxysilane (DMDES)
DMDMS. See dimethoxydimethylsilane

(DMDMS); dimethyldimethoxysilane
(DMDMS)

DMF. See dimethylformamide (DMF)
DMSO/ethanol mixtures 1197
DNA denaturation 1332

DNA duplex 1332
3D nanofabricated materials 178
DNM: dinaphthoylmethane, complexwith 940
DNP. See dynamic nuclear polarization (DNP)
DNP-enhanced 1H-15N CP MAS

spectrum 662
DNP-enhanced 1H-29Si CP MAS spectra 661
DNP MAS–NMR, characterization of

functionalized mesoporous silica 659
DNP-NMR for mesoporous materials 661
1,12-dodecanediol 33
dodecane thiolate 897
dodecylamine 56, 798
dodecyltrimethoxysilane (DTMS) 396, 408
3DOM CeO2/TiO2 catalysts 1025
3DOM TiO2 carrier 1024
dopamine 1421, 1425, 1426
dopamine-imprinted film 1429
doped sol-gel glasses
– green potential of 1057, 1058
doped sol-gel materials 1261
doping 262, 1132, 1354
– sol–gel films 182
doping TiO2

– with urea 923
double emulsions 79
double meso–macrotemplating interaction
– formation of 1001
downconversion processes (DCP) 945
doxorubicin (DOX) 365, 1319, 1320
– anticancer molecule 835
DP-bioglass
– Fe ions 834
DPDMS. See diphenyldimethoxysilane

(DPDMS)
DPhDES. See diphenyldiethoxysilane

(DPhDES)
1D photonic crystals 1047
– sensor platform 1041
3D pore wall framework 586
3D printed materials 1362
DPSD. See diphenylsilanediol (DPSD)
3D rigid networks 319
droplet-assisted deposition (aerosol and

inkjet) 304, 308
droplet-shaped particles
– asymmetric particles 676
droplets of aqueous electrolytes 992
drop on demand (DOD) inkjet 1158
drug carriers 587
drug delivery system (DDS) 122, 360, 638
– biochemical-responsive 1323
– and bioinspired material 560
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– enzyme-responsive 1322
– internal stimuli-responsive 1317
– multiple stimuli-responsive 1332
– stimuli-responsive 1317
drug-release materials 415
drug-surface interactions 666
Dry Colours Manufactures Association

(DCMA)
– ceramic pigments, classification of 1157
drying 767, 1350
drying barium titanate precursor film
– time-resolved SAXS patterns 700
drying control chemical additives

(DCCAs) 541, 687
drying control chemical agent (DCCA). 328
drying, of gel 1390
drying process 229, 328
dry spraying 247
dry ZrO2 nanoparticles 1216
3D silicification procedure 638
D-sorbitol dehydrogenase 404
d-spacing 134
0D structures, design of 72
– aerosol processing 72
– capsules 75, 76
– introducing a hydrophilic compartment

79, 80
– mineralization of wax dispersion 76, 77
– simple emulsions preparation 76
– temperature-triggered release 77, 79, 81, 83,

85, 87
– water@wax@water emulsion

formulation 80
– water@wax@water emulsion

mineralization 80, 81
– wax@water@oil emulsion formulation

83, 84
– wax@water@oil emulsion

mineralization 84, 85
DTMS. See dodecyltrimethoxysilane (DTMS)
dual mixed micelles 988
durability 1403
DURS. See diurethane siloxane (DURS)
dye-based random lasers 1262
dye-bridged epoxy functional

oligosiloxanes 894
dye-bridged hybrids 889, 899
dye-bridged oligosiloxanes 895
dye-bridged organic–inorganic hybrids
– emission (x, y) CIE color coordinates and

other relevant parameters 894
dye-doped GLYMO monoliths 331
dye-doped hybrids 888, 900

dye-doped MAPTMS monoliths 331
dye-doped multiphasic composite monolith, as

laser media 338
dye-doped nanostructured silica gels 1262
dye-doped siloxane-based hybrid

materials 900
dye loading 1251
dye materials 1257
dye–matrix interactions 1245
dyes 460
dye-sensitized nanoparticles 955
dye-sensitized solar cells (DSSCs) 89
– technology 89
dynamic mechanical analysis (DMA) 552
dynamic nuclear polarization (DNP) 655
dynamic random access memory (DRAM) 769
– capacitors 770

e
Earth gravitational magnetic field 1260
earth oxides 780
EASA. See electro-assisted self-assembly

(EASA); electrochemically assisted
selfassembly (EASA)

EBL-assisted patterning technique 179
echinoid skeletal plates 990
Eco-friendly pigments 1158
economical losses 1058
economic dimensions 1068
EC window device 1244
EDTA–citrate complexing method 1095
EDTA–citrate (EC) complexing sol–gel

process 1095
EDX mapping 760
EEP. See environmental ellipsometric

porosimetry (EEP)
effective medium approximation (EMA)

theories 1036
efficient light-emitting diodes (LEDs) 1032
eggshell membranes 990
Egyptian blue 1151
EHEC phase contrast/fluorescent microscopy

of 922
eicosane 80
EIS measurements, of paint systems 1380
EIS spectra 1380
elastic deformation 289
electrical conductivity 61, 419
electrical gas sensors
– classification of 1174
electrical generation 1119
electrical permittivity 1039
electrical properties 252, 867, 1415
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electrical sensing tests 1191
electrical signal 1174
electrical transportation 1119
electric field 1240
electric power 884
electroanalysis 383, 388, 393
– of Hg(II) 398
electro-assisted deposition 308, 310, 376
electro-assisted self-assembly (EASA) 385
– deposition 447
electrocatalysis 394
electrocatalytic activity 1414
electrocatalytic oxidation 404
electroceramics 841
electroceramic thin films
– chemical solution deposition 844, 845
–– alkoxide-based methods 846
–– amine-based methods 850
–– aqueous solution-gel methods 852
–– carboxylate- and β-diketone-based

methods 847, 848
–– ceramic conversion, of solution layer 854
–– crystallization, thermal annealing of 858
–– kinetic factors 856
–– thermodynamic factors 855

–– diol methods 848, 849
–– onto substrate 853, 854
–– Pechini methods 848
–– polymer-assisted methods 850, 851
–– precursor solution, synthesis 846
–– single-step processing or rapid heating

858
–– two-step processing or conventional

heating 857
– devices 841
– solution-deposited layer, conversion 843
electrochemical behavior 1425
electrochemical capacitors 424
electrochemical cells 421
electrochemical deposition 373, 397
– of non-silicon sol-gel films 381
– of sol-gel films 374
– two-electrode compartment 373
electrochemical deposition, of sol-gel hybrid

films 388
electrochemical energy 789
– storage 1120, 1121, 1122
electrochemical impedance spectroscopy

(EIS) 394, 1378
electrochemically assisted selfassembly

(EASA) 309, 310
electrochemically deposited sol-gel films
– applications 394, 405, 406, 407, 408

– biocomposite films 400, 401, 402, 403, 404,
405

– composite films 390, 391, 392, 393
– corrosion protection/adhesion

promotion 394, 395, 396, 397
– deposition parameters, effect of 379, 380,

381, 382
– hybrid/composite films, codeposition 388
– hybrid films 389, 390
– local sol–gel films deposition by SEM 386,

387
– manipulation of 379
– mechanism of 374, 375, 376, 377, 378
– nanostructured silica thinfilms 383, 384, 385
– selective patterns 385, 386
– sensors 397, 398, 399, 400
electrochemical methods 1042
electrochemical sensors 1414, 1415, 1416,

1418, 1426, 1427
– based on nanocomposites by sol–gel 1418
– for dopamine 1426
electrochemical transduction 1414
– mode 1416
electrochromic device 1244
electrochromic windows 1244
electrodeposited PhTMS film 394
electrodeposited silane films 396
electrodeposited silica 397
electrodeposited sol-gel-based SPME

fibers 406
electrodeposited TiO2 films 386
– thickness 382
electrodeposited ZrO2 films
– effect of added water on the thickness 382
electrodeposition 373, 395, 397, 431
– of BTSE on aluminum alloys 395
– of gold using silica spheres 404
– at mild cathodic potentials 396
– of nonfunctionalized silanes 389
– of polypyrrole/silica composite films 393
– of silane 378
–– films 380
– of sol-gel films
–– driven by local pH change on 392
– sol-gel hybrid films 389
– of TEOS 396, 400, 405
– TEOS, MTMS, and PhTMS films on

aluminum alloys 394
electrodes 1031
electrode surface 376
electrodynamics 1044
electro-optics 1239
electrolysis 377, 382
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electrolytes 1031
electromagnetic radiation 731, 1388
electromagnetic (EM) theory 1032
electromagnetic waves 1039
electromechanical anisotropy 253
electron beam evaporation 1032
electron beam lithography 178, 180
electronegativity of metal atom 1016
electronic conductivity 1098, 1137
electronic oxides 877
electron irradiation 179
electron microscopy 52, 135
electron paramagnetic resonance (EPR) 124
– transitions 655
electron-releasing 1016
electron-transfer 398, 403
– pathway 405
– resistance 400
electron-withdrawing character 586
electro-optical devices 714, 1242
– based on biofilm structures 1241
– dynamic properties of 1241
– in off- and on-states 1243
electro-optical film devices. See electro-optical

devices
electro-optical properties 1241
electro-optical window
– based on liquid crystal dispersions in sol-gel

matrices 1240
electrophilic reaction 321
electrophoretic effect 379, 393
electropolymerized polypyrrole film 392
electropositive titanium metal 1013
electrospinning 89, 90, 113, 415, 416, 419, 420,

421, 424, 430, 1355, 1360
– polyacrylonitrile (PAN) nanofibers 419
– process 89
– of PVP/TEOS composite 430
– solution 427
– using cobalt(II) acetate anhydrous

(CoC4H6O4) 424
electrospun bioactive glass 1356
electrospun iron(III) p-toluenesulfonate

(FeTos) nanofibers 417
electrospun nanofibers 415
electrospun polymeric fibers, usages 417
electrospun PVP/Ti(O

iPr)4 composite
fibers 430

electrostatic forces 582, 1241, 1389
electrostatic interactions 124, 282, 580, 593,

624, 630, 1328
ellipsoidal MoO2 nanoparticles 52
ellipsometric porosimetry (EP) 1036

ellipsometry 395, 1034
ellipticity 1260
emission lines 1296
emission quantum yield values 896
emissivity 1402
emmer wheat, silicified awns of 610
emulsification 80
emulsion droplets 345, 348, 1009
emulsions 100, 974
– polymerization 1372
– system 351
– templating 992
enantiomeric excess, determination of 969
enantioselective catalysis 977
encapsulated molecules
– dynamics of 665
– porosity 665
encapsulating proteins 634
encapsulation 75, 415
– of bacteria 404
endonucleases 1332
endosomes 1318, 1322
endotemplate methods 579
energy conversion 561
energy efficiency 1385
energy storage 1071
– devices 1096
energy transfer rates 942
engineered ceramics 478
enhanced permeation 1311
enhanced permeation and retention (EPR)

effect 1311
environmental ellipsometric porosimetry

(EEP) 918
environment-friendly sol-gel coatings 1058,

1059, 1060, 1061, 1062, 1063
enzymatic esterification 981
enzymes 388, 391, 394, 400, 1322
– immobilization 122
enzyme-triggered controlled process 363
EP. See ellipsometric porosimetry (EP)
epitaxial films 873, 874
epitaxy 868
epoxidation
– of geraniol 450
– of olefins 450
– of styrene and α-methylstyrene 450
epoxide-initiated metal oxide gels and

composites 528
epoxide selectivity 450
epoxy-amino cross-linking reaction 1220
epoxy-based ORMOSIL 331
epoxy-bearing alkoxides 169
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epoxy–PPy–TiO2–MBT coatings 1378
1,2-epoxy propane 529
epoxy resins 391, 397, 459, 530
epoxy–silica–ormosil precursor 1286
EPR effect 1312. See enhanced permeation and

retention (EPR) effect
EQE. See external quantum efficiency (EQE)
erbium(III) nitrate hydrate 256
erbium ions (Er3+) 728, 1257
– Boltzmann distribution of 945
– -doped optical waveguide amplifiers 714
– -doped ormosil planar waveguides 724
– ions 933
– spectra obtained for 934
ermal conductivity plots of 754
erosion 609
(Er, Yb)-doped BaTiO3 256
Escherichia coli 32, 403, 637, 938, 1353
ESIPT mechanism of energy dissipation

1255
eskolaite Cr2OCr2O3 1155
esterases 1323
esterification
– of formaic acid 490
– reaction 49
EST (emulsion/solid transport) process 974,

976
etching 175, 178, 777
– method, selective 352
ethanol 127, 197, 215, 247, 258, 260, 264, 282,

335, 374, 400, 430, 445, 802, 1390
– -in-water microemulsion mechanism 993
– -siloxane mixtures 1390
– solution of titanium alkoxide 359
etherolysis 50
ethoxide 196
ethoxysilane groups 1358
ethyl alcohol 262, 1100
ethyl-derivatized porous solid catalytic

material 976
ethylene-bridged mesoporous materials 587
ethylene carbonate)/dimethyl carbonate

(DMC) 1102
ethylenediaminetetraacetic acid 852, 1093
ethylene diamine tetraacetic acid (EDTA) 195,

259, 848
ethylene dimethacrylate (EGDMA)
– distillation–condensation polymerization

of 1376
ethylene glycol (EG) 195, 250, 259, 1093, 1124,

1128
ethylene glycol dimethacrylate

(EGDMA) 1084

ethylene glycol-mediated reduction, of
H2PtCl6 44

2-ethyl hexanoates 214
2-ethyl-1-hexanol 777
1-ethyl-3-methylimidazolium 489
1-ethyl-3-methylimidazolium bis

(trifluoromethylsulfonyl)imide 491, 493
ethyl orthosilicate 49
ethyltriethoxysilane (ETEOS) gel 452
etrahydrofuran 1100
Eu(btfa)3(MeOH)(bpeta) 940
Eu(DNM)3(TOPO)2 940
Eu-doped organically derived Si-(HIPE) hybrid

materials
– excitation spectra 102
European beam lines 685
European porcelain discovery of 1145
European Retrieval Carrier (EURECA) satellite

and in Space Shuttle experiments 558
europium 1257
– Eu3+–containing spheres, SEM images 939
– Eu2+-doped sulfides 887
– Eu3+ luminescent complex 938
– Eu3+ photoluminescence properties 929
europium RR-2-P-oxides complexes
– luminescence intensification of 1298
evaporation 284, 286, 288, 291, 300, 538, 1350
– -induced micelle packing (EIMP) 74
– -induced superlattice formation 59
evaporation-induced self-assembly (EISA) 74,

99, 127, 579, 947
evaporation rate 293, 301
EXAFS. See extended x-ray absorption fine

structure (EXAFS); X-ray absorption
(EXAFS)

EXAFS in-situ spectroscopic techniques 674
excited-state intramolecular proton transfer

(ESIPT) 1290
exotemplate methods 579
ex situ powder X-ray diffraction (XRD) 52
ex situ transmission electron microscopy

(TEM) 53
extended 2D structures, design of 99
extended 3D structures, design of 99
– carbon-(HIPE) as Li Ion negative

electrodes 107
– enzyme@organo-Si-(HIPE): high efficient

biocatalysts 104, 105
– Eu3+@Organo-Si-(HIPE): photonic

properties 101, 103
– foams 99, 101
– LiBH4@carbon-(HIPE) for hydrogen storage

and release 107, 112
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– Pd@Organo-Si-(HIPE): cycling Heck
catalysis reactions 103, 104

– Si-(HIPE) as hard template to carbonaceous
foams and applications 106

– silica foams: Si-(HIPE) 101
extended x-ray absorption fine structure

(EXAFS) 673
– analysis 792
external quantum efficiency (EQE) 893
external stimuli drug delivery 1326
– light 1328
– magnetic field-responsive DDSs 1331
– temperature 1326
external visible solar reflectance 1402
extrusion 93, 94
– composite fibers prepared with help of

polymer dehydration/reticulation 96
– V2O5 fibers as alcohol sensor 94, 95

f
FA. See folic acid (FA); formic acid (FA)
fabricated Ni-embedded silica nanotubes 432
fabricate hierarchically meso–macroporous

binary mixed oxides
– self-formation phenomenon 1008
fabricating antireflection (AR) coatings 360
fabrication
– of 3D structures by laser irradiation 178
– of monoliths 318
–– routes for 324
– of optical sensors 1414
– of Pt nanotubes using ZnO nanorod 432
– of silica xerogel monoliths 327
Fabry-Perot interferometers 939
Faraday effects 822, 824, 1413
Faraday rotation 822, 823, 1259
– angle 822
– spectrum 823
Faraday-Tyndall light cone 1147
FAST sintering 264
fast sol-gel monoliths
– doped with a photochromic dye 335
– as optical nonlinear filters 334
fast sol–gel process 331
FAST specimens
– phase content of 265
fast thermal (FT) treatments 1038
fatigue resistance 1362
FeCl3 anhydrous 1100
Fe-doped ZnO nanocrystalline powders 1197
Fe2O3 core/silica–surfactant shell

nanoparticles 352
Fe(OEt)3 363

Fe2O3-In2O3 composites 1179
Fe2O3-In2O3 sensors
– to C2H5OH 1180
γ�Fe2O3magnetic nanoparticles 825
γ�Fe2O3 magnetic nanoparticles 1260
γ�Fe2O3 nanocomposite
– Faraday rotation 824
γ�Fe2O3 nanocomposites
– magneto-optical properties of 823
α�Fe2O3 nanoparticles coating 352
Fe3O4 nanoparticles, in ethylene glycol 360
Fe3O4-organosilica yolk–shell particles 354
Fe–O–Si covalent bonds 1217
γ-Fe2O3/SiO2 samples
– Faraday rotation 823
γ�Fe2O3 superparamagnetic particles 1259
Fe2O3 template 352
Fe2O3-TiO2 composite nanofibers 424
Fermi velocity 729
ferric chlorides 449
ferrimagnetic CoFe2O4 179
ferrite nanoparticles 815
ferrocene 593
ferrocenyl-modified PMO 593
ferroelectrics 877
– ceramics 248, 249
–– materials 255
– properties 862, 872
– thin films 1198
ferroelectric strontium bismuth tantalate

(Sr0.8Bi2.2Ta2O9) thin films 860
ferrosponges 835
ferrous chlorides 449
FE-SEM images
– of [Al(OH)(ndc)]n replica 481
– of PDBS tubes 149
– of silica/alumina nanoarchitectures 456
– of a silico/alumina-sepiolite

nanoarchitecture 460
Fe/Si molar ratio 824
Fe/SiO2 nanocomposites 816
fiber matrix 1393
fiber-optics 1254
– sensors 1253
fibroblast cells 638
fibrous clay nanoarchitectures 462
fibrous silicates, as building blocks
– in sol-gel nanoarchitectures derived from

clays 457
Fick’s first law 286
field-activated sintering technique (FAST)

264
field cooling (FC) 818
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field emission scanning electron microscopy
(FESEM) 265

film electrodes 1419
film hydrophobicity 1187
film thickness 301
filters 1245, 1256
firing temperature 174
Fischer–Tropsch synthesis (FTS) 558
flame hydrolysis 790
flame spray pyrolysis 228
flexibility 1356
flexural tests 551
fluid velocity 306
fluorene 406
fluorescence 81
– filters 81
– radiation 182
– spectroscopies 713
fluorescent confocal microscopy
– hydrophilic rhodamine 6G fluorescent

probe 86
fluorescent dye N-1-(3-trimethoxy-

silylpropyl)-N-fluoresceylthiourea
(FITC-APTMS) 829

fluorescent organic molecules
– absorption and emission of 1290
fluorescent pH indicators, in hybrid

matrices 1253
fluorescent protein 617
fluorescent silica nanoparticles 895
fluorescent silsesquioxane-based OLEDs 893
fluoride materials 1257
fluorides 1135
fluorinated polymer PVDF-HFP 1085
fluorinated surfactant (1H,1H,2H,

2H-perfluorodecylpyridinium chloride) 350
fluorocarbon surfactant 581
fluoropolymers 1076
F-127 mesoporous TiO2-anatase films
– methyl ethyl ketone degradation 918
f-MWCNTs
– silica matrix 1229
– TEM micrographs 1225
FOCS (fiber optics chemical sensors) 1254
folic acid (FA) 1316, 1317, 1325
food technology 576
formamide 10, 541
formation
– of aluminosilicate 1008
– of hierarchically porous materials 990
– of macropores 1012
– of a macroporous pattern 1013
– of methane bubbles 1014

– of siloxane (Si-O-Si) bonds 1080
formic acid (FA) 490, 902
– esterification 490
– solvolysis 490
–– compositions leading to brittle or compliant

ionogel 491
fouling release (FR) 1061
Fourier transform 675, 676, 677
Fourier transform infrared spectroscopy

(FTIR) 612, 673, 713, 1217
– absorption spectra 183
–– coatings prepared from TEOS and MTES/

TEOS (HS) 719
– characterization 459
– GISAXS study 696
– in-situ spectroscopic techniques 673
– of ormosils 727, 728
FP6-IP-multiprotect 1371
fragile organic molecules 1284
free electron density 1175
free energy 778, 855
free radicals 182
freeze drying 320, 1359
frequency-time plots 380
frequency variation of gold QCM
– electrode 380
Fresnel equations 1150
Frölich condition 1044, 1046
fructose 595
FSG material 333
FSG monolith 333
FSG process
– temperature and pressure profiles vs.

time 332
FSM-16 577
FSM-n (folded sheet mesoporous materials-n)

notation 576
Fudan University (FDU) 576
fuel cells 1031
– PEMFC 1072
–– inorganic membranes 1085
–– Nafion membranes for high-

temperature 1073
–– nonfluorinated organic–inorganic

nanocomposite 1076
– power density 1091
– sol–gel materials 1072
– solid oxide fuel cells (SOFC) 1086
–– cathodes 1093
–– electrolytes 1087
fuel oxidation kinetics 1073
fuel permeability 1077
fulgides 1246
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fullerene-doped hybrid–gel films 182
fullerenes 71, 182
full width at half maximum (FWHM) 718
fumed silica 228
functional alkoxysilane precursors
– commercially available 199
functional and mixed ligand metal
– alkoxides 212
functional and mixed ligand silicon
– alkoxides for facile hydrolysis 197
functionalized carbon nanotubes

(FCNTs) 1221. See also carbon nanotubes
(CNTs)

functionalized mesoporous silicas
– self-assembly of 127
functional polyorganosiloxane porous

materials
– from tri- and dialkoxysilanes 751
functional silicon alkoxides 198
funnel-like macrochannels 1021
funnel-like macropores 1013
funnel-like/straight macrochannels 1002
fusion proteins 615

g
GaAs cell 1289
Gadolinia-doped ceria 1091
Gadolinium hydroxycarbonate

nanoparticles 830
Gadolinium(III) 826
gadolinium niobates 781
gadolinium nitrate hexahydrates 1090
galacto-oligosaccharides 1322
β-galactosidase 1322
galactosyl ligands 1317
gallium oxide 620
– solids 631
GaN-based blue LEDs 885
Ga2O3-based sol–gel films 1178
Ga2O3 sensors 1178
Garnet-related compounds 1101
gas conductivity 1388
gas diffusion layer 1073
gas humidification 1079
gas-filled panels (GFP) 1404
– barrier foil and baffle structure inside 1405
gas-induced optical transmittance

variation 1188
gas sensing, and applications 1173
– binary metal oxides 1177
–– aluminum oxide 1177
–– cerium oxide 1177
–– copper oxide 1178

–– gallium oxide 1178, 1179
–– indium oxide 1180, 1182, 1183
–– iron oxides 1179, 1180
–– molybdenum oxide 1183, 1184, 1185
–– nickel oxide 1185, 1186
–– silicon dioxide 1186, 1187, 1188
–– tin oxide 1188, 1189
–– titanium oxide 1189, 1190, 1191, 1192,

1193
–– tungsten oxide 1193, 1194
–– zinc oxide 1194, 1195, 1196, 1197
–– zirconium oxide 1197
– devices 1198
– purposes 1189
– sol–gel-based iron oxides 1179
– ternary/quaternary oxides 1198
–– metal titanates 1198, 1199, 1200
–– NASICON (Na3Zr2Si2PO12) 1200
– tests 1196
gas sensors 1041, 1173, 1192
– based on sol-gel films 1253
– field 1186
gate voltage 769
GdBaCo2O5+δ (GBCO) 1095
Gd0.1Ce0.9O1.95 (GDC) powder 1090
GDC powders 1090
Gd-doped ceria 249, 250
GDLC films 1240
gel aging, and solvent exchange 535
– aging process 535, 536
– effect of solvent exchange 536, 537
gelatin 632, 633, 636, 1323, 1358
gelatin–silica composite 634
gelatinous membrane 951
gelation 3, 17, 326, 490, 493, 532, 992, 1354
– inhibitor 327
– meso- and microporosities 993
– rate 327
– of silica network 1359
– time 452, 490, 758, 1354
gel drying 538
– ambient pressure drying 540
–– evaporative drying 541, 543
–– gel pretreatment 540
– freeze-drying 538
– phase diagrams 539
– supercritical drying 543
–– high-temperature supercritical drying 543,

545
–– low-temperature supercritical drying 545,

546
gel-glass-dispersed liquid crystal (GDLC)

materials 1240
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gelification 375, 380, 452
gel modification, and chemical

functionalization 537
gel–vapor condensation 144
gel point 18
gel powders 246
gel preparation 1389
gel time 18
germania particle 625
germanium oxide particles 629
Gibbs free energy 488
GIPAW (gauge including projector augmented

wave) method 656
GISAXS diffraction 696
GISAXS geometry 694
glacial acetic acid 253, 256
glass bulb 883
glass ceramic particles 1212
glass composition 1349
glass dissolution products 1348
glass/dopant combination 1282
glass-forming oxides 745
glass-based materials 317
glass-forming process 23
glass–carbon electrode (GCE) 447
glass–ceramic (GC) particles 1211
glass slide, covered with a film of Si(OEt)3-Cy-

ImPV
– exposure of vapor of HCL 153
glass substrate, EM images 938
glass transition temperatures 893
glassy carbon (GC) electrodes 386, 1417, 1426,

1427, 1430
glaze–zirconia surface 1150
glazes 1149
– ceramic pigments 1149
– zinc oxide 1149
global sustainability crisis 1068
globular proteins 634
glucose biosensing 1428
glucose dehydrogenase 405
glucose oxidase 403, 404, 1418
– co-electrodeposited 403
glucose sensor 1418
gluing agent 462
Gluoconacetobacter xylinus 951
glutaraldehyde 476
glutathione 1426
glutathione-responsive DDSs 1323
glutathione-responsive drug delivery

system 1325
glycerol 456, 457, 541, 637
glycerol kinase 403

glycerol-3-phosphate oxidase 403
3-glycidoxypropyltrimethoxysilane

(GPTMS) 104, 169, 323, 396, 404, 405, 691,
934, 1084, 1102, 1219, 1285, 1358

– -derived pseudo-polyethylene oxide 1084
– hybrid films 185
γ-glycidoxypropyltrimethoxysilane

(GPTS) 726
3-glycidyloxypropyltriethoxysilane 236
glycine 662, 663
– on mesoporous silica, characterization of

adsorption 663
glycol 169, 859
– derivatives 198
glycoprotein gp120, 1316
β-glycosidic bonds 1323
3-glydoxypropyltrimethoxysilane 1377
gold 391, 1043
– electrode 1420, 1427
– hydrosol 463
gold nanoparticles 184, 393, 400, 404, 464, 624,

1417, 1423, 1426
– laser-induced heat generation 945
gold nanoparticle/silica core/shell MIPs
– preparation procedure of 1422
gold nanorods 1261
gold particles
– faceting of 362
Golgi apparatus 1318
Google–Academic search tool for ceramic

pigment 1163
GPTMS. See 3-

glycidoxypropyltrimethoxysilane (GPTMS)
graded refractive index (GRIN) glasses 318
grafting 584
– advantage of 583
– of alcohols
–– on HSQ surface using Zn(II) Lewis acid

catalysts 761
– of silica coupling agents 230
Graham’s dialysis 1147
grain size 250, 255, 734, 871, 872
– effect 871
granular aerogels 1396, 1399
– -based glazing 1400
– -based translucent insulation materials 1397
– -based window 1399
graphene 1136, 1414, 1422
– aerogels 534
– -based materials 426
– -embedded nanofibers 426
– -embedded polymeric fibers 426
– -functionalized nanofibers 426
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– oxide 44, 1418
– sheet 426
graphene–PBASE/PVAc nanofibers 427
graphite 71, 1426, 1428
– anode 1119
graphite–ceramic composite bulk

electrode 1425
grazing incidence (GI-)SAXS 693
greenhouse gas emissions 1385
green rust 481
grid-based electricity 883
group IVB oxides 1088
growth factors 1360
GSH-responsive drug delivery 1324
GSH-rich reductive environment 1326
guanidinium sulfonimide ion 499
guanosine 400
Guerbet-type reaction 49
Guinier approximation 678, 683
gyromagnetic ratio 653
gyrotron 655

h
HA. See hyaluronic acid (HA)
HAADF-STEM image
– AuPd nanoparticle-embeddedmonolith 760
– of AuPdPt nanoparticle-embedded

monolith 760
– AuPdPtRh nanoparticle-embedded

monolith 760
hafnia 62
hafnia–titania mixed crystals
– Raman spectra 720
H-aggregation 141
halloysite 460
– tubular clay 460
Hall–Petch effect 112
Hanks’ solution 395
hard matter templating 579
hardness 269
hard template method 348
Harnessing sunlight 979
HAuCl4 precursor 184
H-bonding interaction
– of urea groups 135
H3BTC ligand 482
HCA crystallization 1348
HCl catalyst 328
HCl vapors 153
1H double quanta (DQ) experiment 668
heating rate 863
heat postreduction synthesis 1042
heavy ions 1042

heavy metals 1422
– detection of 1424
Heck C–C coupling reactions 976
hectorites 444, 447
HeLa cells 1315
helionomics 1068
hemicellulose 532
hemoglobin, co-electrodeposited 403
Henry condensation 132
hepatocellular carcinoma (HCC) 1315
hepatocytes 640
n-heptane 797
heptanes 1390
4-heptylbenzene 893
herceptin-modified silica/titania hollow

nanoparticles
– containing CPT 364
heterocondensation 797
heterogeneous catalysts, by sol–gel

polymerization 965
heterogeneous nucleation 77, 109, 1043
– crystalline phase 868
heterogeneous photocatalysis 911
– photochemical process, electronic scheme

of 912
– systems 1020
heteronuclear correlation (HETCOR) 654
heteropolyacids (PWA) 1085
heterostructural characteristics
– and electrical properties 864
heterostructured materials 443
Hexactinellida 613, 616
n-hexadecane 348
1-hexadecylamine 32
1-hexadecyl-3-methylimidazolium

bromide 594
hexadecylmethylimidazolium

hexafluorophosphate 489
hexadecyl sulfate 132
hexadecyl-trimethylammonium bromide 830
n-hexadecyltrimethylammonium bromide

752
hexafluorophosphate 490
hexagonal mesoporous silica (HMS) 576
hexagonal pores 383
hexamethyldisilazane (HMDS) 1392
1,6-hexanedithiol 400
n-hexanol 348
hexylamine 798
1-hexyl-3-methylimidazolium bis

(trifluoromethanesulfonyl)imide 490
hierarchical bimodal meso–macroporous

structure 1017
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hierarchically macro/meso/microporous
Hp-ZSM

– using CTAB 992
hierarchically macro–mesoporous
– ethane–silica monoliths
–– SEM images of 997
– titanias 1020
hierarchically meso-macroporous
– aluminas 1004
– aluminum oxides
––with crystalline boehmite phase 1004, 1019
– carbon materials 1021
– catalytic materials 1024
– metal oxides 1000, 1022
– structure 1008
– titanias 1020
– zirconium 1012
–– oxides 1003
hierarchically micro–macroporous
– zirconium
–– phosphates 1009
hierarchically nanoporous structures
– and bioactive membranes 1008
hierarchically organized pore

architectures 806, 808
hierarchically porous emulsion-templated

polymer/silica composite 992
hierarchically porous materials 999, 1000
– formation of 1001
– key features 1000
– as photocatalysts 1020
– using metal alkoxides 1002
hierarchically porous metal oxides 1011, 1022
– networks 999
– self-formation phenomenon 1005
hierarchically porous niobium oxides 1005
hierarchically porous PAI samples 1010
hierarchically porous titanias
– acidic/alkaline aqueous solution 1004
hierarchically porous zirconium oxides 1004
– with aligned microtubular structure 1003
hierarchically porous zirconium

phosphates 1009
hierarchically structured porous materials
– dual/multiple micellar templating

approach 988
– dual/multiple templates, uses 988
– general synthesis conditions, effects 1016
–– hydrothermal synthesis 1019
–– metal alkoxide 1016
–– pH values 1017
–– solvent 1018
–– surfactant 1017

– overview of 987
– self-formation phenomenon to target porous

hierarchy 999
–– hierarchically porous materials 1002
–– history of 1000
– singlemicellar templates with supplementary

chemical/physical methods 995
–– controlled sol–gel processes 995
–– phase separation 996
–– posttreatments 997
– small air bubbles to micellar templating 993
– small liquid particles to micellar

templating 992
– small solid particles to micellar

templating 989
–– biomaterials 990
–– colloidal crystals 989
–– macroporous polymer membranes/

inorganic salts/ice crystals 991
– surfactant templating, formation mechanism
–– aggregation, second hypothesis 1011
–– first hypothesis 1010
– synthesis strategies 988
hierarchically structured porous materials,

applications 1019
– catalyst support 1022
– photocatalyst 1020
– scaffold template 1021
hierarchically structured porous materials,

multiple composition
– self-formation phenomenon to target porous

hierarchy
–– meso–macroporous mixed oxides 1006
–– meso(micro)–macroporous metal

phosphates 1008
–– micro–macroporous zirconium

phosphate 1009
hierarchically structured porous materials,

single composition
– self-formation phenomenon to target porous

hierarchy
–– meso–macroporous aluminum

oxides 1004
–– meso–macroporous niobium oxides 1005
––meso–macroporous titanium Oxides 1004
–– meso–macroporous yttrium oxides 1006
–– meso–macroporous zirconium

oxides 1002
hierarchically textured macroporous silica

monoliths 992
hierarchical structure-in-structure

arrangement
– of mesopores and macropores 1020
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hierarchical TiPO materials 1010
hierarchical trimodal
– pore structures 995
– porous zeolites formation, microemulsion

mechanism 994
hierarchical ZrPO synthesized 1009
high-boiling-point dimethylacetamide

(DMAC) 1074
high-performance thermal insulation materials
– nano insulation materials 1404
– vacuum insulation panels 1403
high-refractive-index coatings 1259
high-refractive-index materials 1258
High-temperature semiconductors 842
high-temperature supercritical drying

(HTSCD) 1391
High-intensity discharge (HID) 885
high internal phase emulsions (HIPEs) 100,

992
high-κ dielectric 768
– materials 769
– properties and applications 767
highly ordered mesoporous silica (HOM)

families 576
highly porous silica–gel bulk glasses 335
high-performance thermal insulation materials
– gas-filled panels 1404
high-purity ceramics 209
high refraction index
– for LED encapsulation 1259
highresolution transmission electron

microscopy (HRTEM) 249
high-strength ceramics 472
high-temperature routes (>400 °C) for high-κ

dielectrics 780
– aqueous chemical solution deposition
–– from citrate complex precursors 780, 782
– hybrid sol–gel route for ultrathin PZT 780
high-temperature supercritical drying

(HTSCD) 543
HIPEs. See high internal phase emulsions

(HIPEs)
histidine (His)-tagged proteins 357
HKUST-1 crystals 478
hole-burning 1261
hole-transporting framework
– formed by poly-condensation 147
hollow core–shell mesoporous silica

nanoparticles 365
hollow inorganic nanoparticles
– soft-templating/hard-templating routes 346
hollow inorganic particles 360
– fabrication 345

hollow inorganic spheres
– template-free methods 347
– templating methods 345
– typical synthesis procedures
–– crystalline silicate particles 355
–– hollow silica particles 347
–– mesoporous silica particles 350
–– template and template-free methods 359
–– titania (TiO2) particles 357
hollow inorganic spheres, applications 360
– antireflective coatings 360
– biomedical 363
– catalysis 361
– lithium ion battery 362
hollow Li4Ti5O12 spheres 363
hollow manganese oxide nanoparticles 831
hollow mesoporous silica nanoparticles 363
– preparation of 354
– size- and shape-tunable 352
hollow mesoporous silica particles 352, 361
– with enzyme degradable poly(L-lysine) by

electrostatic interaction 363
– fabrication 352
– stimuli-responsive controlled release

system 363
– TEM images of 353
hollow mesoporous silica spheres 352, 363
– self-transformation 355
hollow metal oxide particles 361, 362
hollow organosilica nanoparticles
– organosilane-assisted etching

mechanism 354
– typical synthesis procedures 354
hollow particles
– containing metal nanoparticles 361
– of crystalline layered silicate 356
– shell thickness 353
hollow silica microspheres 348
hollow silica nanoparticles 363
– with mesoporous shells 350
hollow silica nanospheress (HSNS) 363,

1405
– manufactured
–– sacrificial template method for 1406
–– SEM images of 1405
–– TEM images of 1405
hollow silica particles 347
– microscopy 351
hollow silica spheres
– soft/hard templates 348
hollow silica spheres, formation 352
hollow SrTiO3 spheres 359
hollow titania (TiO2) particles 357, 358, 359
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hollow zeolite beta crystals
– SEM/TEM images of 357
Hollow zeolite particles 356
hollow zeolite spheres 356
Hollow zirconia particles containing Au

nanoparticles (Au@ZrO2) 361
hollow zirconia spheres 360
hollow ZSM-5 single crystals 356
homeostasis 115
homochiral Zn-BDC-based MOFs 480
homocondensation 797
homogeneity 76
homogeneous and heterogeneous,

nucleation 856
homogeneous dispersion 1416
homogeneous hydrolysis 212
homogeneous media 1036
homogeneous mesoporous nanorods 1015
homogeneous nucleation 77, 478
homogeneous phase separation

procedure 1015
H2O ratio 323
horseradish peroxidase 1413, 1418
H2O2 sensor 1413
H2O: Si molar ratio 322
host–guest interactions 666
host-to-monomethinecyanine energy

transfer 898
hot-dipped galvanized (HDG) steels 393
hotochemistry 576
hotonic crystals 1040
HPA-modified nafion–silica recast membranes

for DMFC operation 1075
H-PDBS hybrid material 149
H+ catalysis mechanism 381
H+ ions 1352
8-HQ-filled nanocontainers 1375
8-HQ-loaded CeMo nanocontainers
– TGA analysis of 1374
H2 reduction catalyst RhCl[P(C6H5)3]3 973
HRTEM images
– Pt–SnO2/RGO composite 43
– titania nanoparticles assembled intowire-like

structures 60
H2S exposure 1199
1H–29Si correlation spectra 660
HSNS. See hollow silica nanospheress (HSNS)
HSQ monoliths
– with different macropore sizes 759
– on-site reduction of noble metals on 759
– synthesis of 758
human colon cancer (HCT-116) 1317
humidity 293, 1253

– absorption 1258
– sensors 1049
hyaluronic acid (HA) 1317
– -capped MSNPs 1323
– -conjugated MSNPs 1317
hyaluronidase-1 1323
hybrid biopolymer gels 533
hybrid coatings
– hydrophobic capabilities 1209
hybrid films 389
hybrid foams catalytic performances 105
hybrid gel (HG) 143
hybrid ionosilicas 504, 505
hybridization 594, 595
hybrid LEDs 893
hybrid material 183
– nanoscale interactions 1357
hybrid materials 122, 478, 888, 906, 1239
– in textiles 1252
hybrid membrane 1083
hybrid monoliths 318
– by FSG process 331
hybrid organic–inorganic
– films 176
– materials 278
– membranes 1080
– nanocomposites 1284
– proton-conducting membranes
–– synthesis strategy combining sol–gel

process and 1081
hybrids 1356
– nanocomposites 165
– organosilicas 127
hybrid silica coating
– formulation, uses 1209
– tensile strength 1220
hybrid silica matrix
– hydrolysis and condensation reactions 1217
hybrid silica–zirconia coating matrix 1217
hybrid silica sol–gel matrix 1215
hybrid sol–gel silica coatings
– impact resistance 1217
hydrated molybdic acid 196
hydrazide sol–gel (HSG) route 234
hydrocarbons 584
– oxidation 265
– solvents 201
hydrochloric acid 83, 132, 282, 328, 1349
hydrodynamic mechanism 279
hydrofluoric acid 1283, 1354
hydrogels 1347
hydrogen
– acceptors 133
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– bonds 124, 133, 201, 238, 458, 544, 578, 624,
630, 748, 804

–– bridges 1083
–– interactions 131, 133, 580, 585, 1328
– donors 133
– released for bulk LiBH4 and the

LiBH4@carbon materials 110
hydrogenation of nonmethylated arenes 971
hydrogen-bonded networks 489
hydrogen fuel cell (HFC) applications
– disadvantages of Nafion 1073
hydrogen halides 50
hydrogen peroxide 1425
hydrogen sensors 1198
hydrogen spillover mechanism 971
hydrogen transfer 965
hydrolysis 6, 83, 105, 149, 319, 321, 339, 375,

490, 657, 713, 1035, 1349, 1350, 1359, 1390
– acceleration of 197
– of Al(CH3)3(TMA) 1014
– of alkoxy precursors 319
– of alkoxysilanes 197
– of phenylene-bridged organosilane

precursor 135
– products, polycondensation interactions

of 1283
– rate, effect of ph 376
– of silicic acid esters 197
– of silicon alkoxides 1389
– sol–gel way 491
– speed for Si(OMe)4 196
– of TEOS 1356
– triethyl phosphate (TEP) 1350
hydrolysis/condensation reaction 1012
hydrolysis–polycondensation reactions 501,

503
– mixture 503
hydrolytic reactivity 212
hydrolytic stability 197
hydrolyzable triethoxysilane function

(Si(OEt)3) 149
hydrolyzed tetramethoxysilane (TMOS) 828
hydrophilic
– character, of silica 664
– ITO surfaces 386
– polar cages 1075
– silica-derived nano-objects 1035
– silica layers 591
– surfaces, of micelles 578
hydrophilic–lipophilic interactions 78
hydrophobic 324, 383, 408, 450, 629, 1396
– catalytic reactions 974
– coatings 924

– drugs 1330
– of film 399
– in films 399
– interactions 132, 579
– silica aerogels 553
– of sol–gel matrix 975
– substrate 974
hydrophobic/hydrophilic behavior 923
hydrophobic–hydrophilic interactions 589
hydrophobic–hydrophilic

microenvironments 591
hydroquinone 404, 1427
hydrothermal
– reactions 346
– rearrangement 125
– stability 126
– stable membranes, synthesis of 690
– treatment (See hydrothermal treatment)
hydrothermal treatment 1016, 1188
– of metal oxides 1019
– microwave heating 1019
– phase transitions 126
– of titania 1019
hydroxides 397
hydroxyalcohols 849
hydroxyapatite 1321, 1346
hydroxycarbonate apatite (HCA) 1348
α-hydroxycarboxylato 852
hydroxylapatite 374
hydroxylated polysaccharides 610
hydroxylation reactions 49
α-hydroxyl-4-nitrophenyl dimethyl

phosphonate 402
hydroxyl radicals 166, 168
– formation of 912
5-hydroxymethylfurfural (HMF) 595
hydroxypropyl cellulose 1129, 1178
1-hydroxy-3,6,8-pyrenetrisulfonic acid

trisodium salt 1187
8-hydroxyquinoline (8-HQ) in a vacuum

system 1373
N-hydroxysuccinimide (NHS) 1314
hyperpolarization
– of xenon gas 665
hyperpolarized 129Xe NMR spectroscopy 666
1,4-bis(triethoxysilyl) benzene 450
n-butanol 452
2-butanol 455, 459
N,N-dimethylformamide (DMF) 416
N-doped ZnO nanonodules 424
3,4-ethylenedioxythiophene (EDOT) 417
3-glycidoxipropiltrimethoxisilane (GPTS)-

HfO2 1257
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3-glycidoxypropyltrimethoxysilane
(GLYMO) 330

2-methylbut-3-yn-1-ene 447
2-methylbut-3-yn-2-ol 447
N-methylformamide 327
4-[N-ethyl-N-(2-hydroxyethyl)]amino-4´-

nitro-azobenzene (DR1) 1261
4-nitrophenol 460
n-octanol 60
2,4-pentanedione (acetylacetone)
– ketonic, enolic, and bidentate forms of 848
1,3-propanediol 849, 859
1-propanol 463
2-propanol
– dehydration 459
n-propoxides 215
hypoxanthine 403
hysteresis 1036

i
IBU, from hollow mesoporous silica

particles 364
ibuprofen 363, 666, 1321
ice templating
– model illustrating the formation of

macropores 993
IGEPAL CO550 830
IgG1-functionalized luminescent silica

nanoparticles
– schematic representation of 937
IL ions 487
ILs. See ionic liquids (ILs)
IL/TMOS ratio 491
imidazolate-2-carboxyaldehyde 477
imidazolium cations 490
– molecular interactions around 489
imidazolium-containing ionosilicas 499
immobilization 450
– of nitroglycerin 614
– of vanadium(IV) and copper(II)

acetylacetonates 450
immune system 1345
immunoglobulin G (IgG) 1315
immunosensors 615
IMO convention 1063
Impedance modulus
– of bare aluminum sample, and aluminum

sample coated with 395
impedimetric 1416
implant/bone interface 1349
impregnation 1418
– gels impregnated with metallic

nanoparticles 1418

– gels impregnated with metal salt
solutions 1418

– sol–gel matrices with nanomaterial
precursors 1418

Inagaki’s group 590
indirect synthetic methods, nanotubes
– AAO templating routes 431
– electrospun nanofiber templating oute 436,

439
– inorganic layer templating routes 432
– polymer templating routes 434
indium alkoxides, use of 1181
indium isopropoxide 1182
indium oxide 1181
– nanopowders 1183
indium tin oxide (ITO) 61
– coating 1244
– electrode 379
– NPs, transient response and calibration

curve 1184
indomethacin (IMC). 365
industrial digital printing 1158
infrared thermography 1397
InGaN chips 886
initial solution (sol-gel chemistry)
– additional agents 283
– reactive agents 282
– recursors 282
– solvent 282
– structuring agents 283
initial surfactant templating mechanism 1010
ink formulations 1165
inkjet
– coating 278
– Google–Academic search tool for 1163
– nozzle applications 1167
– printing 279, 305, 853
–– aqueous Ag inks for 1167
inkjet decorating machines
– CMYK/RGB, additive/subtractive

models 1165
– soluble heavy metal complexes 1164
INN. See ionic nanoparticles, networks (INN)
In2O3 films 1181
Inorganic
– coatings 1254
inorganic
– compounds 318
– drugs 1362
– films 718
– ions 1360
– LEDs 885
– materials, templated synthesis 122
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– oxides 519
– precursors 578, 1038, 1257
inorganic–organic composite glass 335
inorganic–organic hybrid monoliths 324
inorganic–organic hybrid nonporous

monolith 324
inorganic–organic nanocomposite

monoliths 336
In2O3 sensor
– dynamic curve of 1182
insect wings 990
in situ attenuated total reflectance infrared

spectroscopy (ATR-IR) 55
in situ quartz crystal microbalance (QCM) 380
in situ smallangle X-ray scattering (SAXS) 53
in situ X-ray absorption spectroscopy

(XAS) 52
Insulators 842
integrative chemistry 72
integrative sol–gel chemistry 114
integrative synthesis 71
interfacial tension 320
intermolecular interactions
– van der Waals-type 196
internal stimuli-responsive drug delivery 1317
internal visible solar reflectance 1402
International Maritime Organization

(IMO) 1382
interpenetration networks 23
interstitial fluid pressure (IFP) 1312
intrinsic healing mechanism 1371
intrinsic loss power (ILP) 834
inverse opals (IOs) 1189
β-iodoethylbenzene 972
ion–dipole interactions 507
ion exchange capacity (IEC) 1079
ionic cluster network of Nafion polymer 1075
ionic conduction 488, 489, 1430
ionic conductor 1244
ionic interactions 501
ionic liquid (1-hexadecyl-3-methylimidazolium

chloride, C16minCl) 989
ionic liquids (ILs) 487, 499, 576, 988
– brief presentation 488
ionic nanoparticles 505
– networks (INN) 505, 506
ionic precursor surfactant interactions 505
ionic strength 319, 374
ionic surfactants 576
ion–dipole interactions 1321
ionogels 320, 487, 488, 490
– mesoporous silicas from 492
ionogels applications 493

– conducting properties of confined ILs 493,
494

– hybrid host matrices for ionogel
electrolytes 494

– ionogel electrolytes
–– for lithium atteries 495
–– for solar cells 495
– ionogels for drug release systems 497
– ionogels incorporating task-specific

solutes 495
– proton-conducting ionogel membranes 495
ionosilicas 488, 497
– applications 506
–– anion exchange reactions 507
–– catalysis 506
–– molecular recognition 507
– definitions 497, 498
– hybrid materials 505
– synthesis of 498
IPTES 396
Ir-bpy-PMO 594
iridium polypyridine complexes 592
IrO2–WO3 nanofibers 425
iron hydroxide 482
iron oxide 1245
– -based silica nanocomposites 820
– nanoparticles 56
– silica aerogel 817
– superparamagnetic nanoparticles

(SPIONPs) 1331
iron oxide–chromia–alumina aerogels 558
iron oxide/silica core–shell nanoparticles 829
iron oxide/SiO2magnetic nanocomposites 823
IR photoluminescence spectra 934
irradiation 182, 1330
– with CO2 and Nd:YAG lasers 174
IR reflective ITO coatings 1258
IR spectroscopy 715, 718
– sol–gel and glassy films, structural

differences 718
i-silicas 488
ISISA (ice segregation-induced self-

assembly) 462
isocyanates 532
3-isocyanato-propyl trialkoxysilanes 200
3-isocyanatopropyltriethoxysilane
– (IPTES) 395
3-(isocyanatopropyl)triethoxysilane 898
isocyanatopropyl triethoxysilane (IPTS) 1358
3-isocyanatopropyltriethoxysilane

(ICTEOS) 1285
(isocyanatopropyl)triethoxysilane end-capped

polytetramethylene oxide (PTMO) 692
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isoelectric point 77, 1360
isolated anisotropic particle 677
isomeric alkoxides 1016
cis/trans-isomerization 801
isopropanol 176, 255, 537, 724, 1041
isopropanolate ligand 46
isopropoxide 196
isopropyl alcohol 256, 260, 692
isopropyl chloride 32
N-isopropylmethacrylamide 1327
isotropic chemical shift 665
itaconic acid
– enantioselective hydrogenation of 1064
ITO. See indium tin oxide (ITO)

j
J-aggregation 141, 153
Jahn–Teller distortions 1133
Jahn–Teller effect 1121
Jahn–Teller instability 1133
Jahn–Teller structural distortions 1132
Jahn–Teller distortion 1097
J-couplings 654, 658
– homonuclear 658
J-stacks, running along b-axis. 151
J-type organization of Si(OEt)3-ImPV 152
Judd-Ofelt intensity parameters 933, 1292

k
kanemite 575
kaolinite 445
KBT ceramics 260
K-doped TiO2 1190
Kelvin equation 535, 1037
kenyaite-layered silicates 447
Kerr effects 822
Kerr (or nonlinear refractive) index 737
Kerr rotation 1260
β-ketoesters 179
kinetic control 3
kinetic energy 286, 733
kinetic growth model 19
kinetic resolution procedure 980
kinetics 375, 377, 383, 389
Knoevenagel condensation 132, 463, 482
Knudsen effect 1388, 1394
Knudsen equation 287
krypton 1399, 1404

l
LaCoO3 powders 265
LaCoO3 precursor powders 265
LaF3 : Er

3+ : Yb3+ nanoparticles 936

lamellar periodicity 139
lamellar vesicles 76
La1�xSrxCo1�yFeyO3�δ (LSCF)

perovskites 1094
La1�xSrxCoO3 (LSC) 1094
La10�x(XO4)6O2±y 1091
Landau–Levich model 298
Landau–Levich model 297
Langmuir–Blodgett films 99
Langmuir–Hinshelwood equation 919
LaNiO3 nanofibers 424
lanthanide (Ln) ions 692, 887, 952
lanthanides 781
– materials, upconversion luminescence

mechanism of 944
– photoluminescence 939
– upconversion 954
lanthanum cobaltite 265
lanthanum gallate-based cells 1095
lanthanum(III) methoxyethoxide 1188
lanthanum strontium manganite (LSM)

cathode 1087
Laponite 447
Laponites 448, 660
– hybrid sol–gel silica, TEM

micrographs 1220
– platelets 1219
Laporte forbidden f–f transition 1294
laser 1257
– dyes 1262
– emission 1261
– exposure of sol–gel 175
– irradiation and writing 174
laser-fired WO3 175
laser-induced microfabrication 175
laser-induced phenomena 174
La9.33Si6O26 powders, synthesis of 1091
La0.8Sr0.2Co0.8Fe0.2O3 (LSCF) cathode

material 1094
La0.5Sr0.5CoO3 (LSC) film 1095
latex opal 947
– scanning electron microscopy images 946
lattice
– expansion 867
– parameters, of perovskite 869
La0.76Yb0.21Er0.03PO4 nanoparticles 936
layer double hydroxide (LDH) method 1321,

1379
layer-by-layer techniques (LbL) 445
LCA. See life cycle assessment (LCA)
LCMDs. See light, conversion molecular

devices (LCMDs)
LC microdroplets 1240
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LCT. See liquid crystal, templating (LCT)
LCT mechanism 579
LDH filled with MBT
– (LDH/MBT) 1379
“coffee ring” effect 298
“gravure coating”, 304
“knife-over-edge” technique 304
“nanoorganization”, 443
“one-pot” synthesis
– of EISA solution precursors 1042
“porogen” mechanism 1013
“slot-die” coating 304
lead acetate 383
– trihydrate 251, 253
Lead-Free Ba(Fe0.5Nb0.5)O3 261
lead(II) acetate trihydrate 252
lead titanate 248, 251
lead titanate zirconate (PZT) 248, 251
– -based materials 251
– ceramic 251
– ceramics 252
– nanopowders 252
– nanotubes 383
– Nb-doped 252
– thin films 1198
– xWO3 ceramics 253
lead zirconate (PZ) precursor 702
LED housing 888
LEDs. See lightemitting diodes (LEDs)
LEO orbit 825
Lewis acid 12, 482, 793
– metal ions 231
Lewis base 132, 201, 531
LiCoO2/graphite LIB
– chemical reactions occurring 1120
LiCo0.94Zr0.06O2 1131
life cycle assessment (LCA)
– for transparent aerogel 1389
LiFe0.33Mn0.33Co0.33PO4 1133
LiFePO4

– ionic conductivity of 1122
LiFePO4 films 1099, 1100
– cycling performance 1100
ligand-assisted templating (LAT) 804
ligand-assisted vesicle templating 1001
light
– conversion molecular devices

(LCMDs) 1294
– conversion process 1294
– as external stimulus 1328
– illumination 1024
– propagation, in slab waveguide, by prism

coupling 725

– -responsive DDSs 1328
– - responsive mechanized MSNPs 1329
– scattering 1240, 1241
– -triggered drug release
–– from β-CD-modified hollow MSNPs 1329
– velocity 1033
lightemitting diodes (LEDs) 883
lignin 460
Li-ion batteries 424, 434
Li ion batteries 415, 424, 426
– as sol–gel materials 1096
–– novel electrodes 1097
–– solid sol–gel electrolytes 1100
Li ion cell, scheme of 1096
Li ions, diffusion pathways for 1099
Li+ ion transport 363
LiMg0.05Fe0.95PO4 1133
LiMn1.5NiO.5O4

– synthesis of 1129
LiMnO2 insertion materials 1131
LiMn2O4 spinel 1133
limonene 456
linear absorption coefficient 734
linear dichroism 1259
linear shrinkage 264
LiNiPO4

– lithiation potential of 1133
β-(1-4)-linked D-glucosamine 1084
LiOOCCH3 1100
lipid bilayer 1361
lipids 614
Li+ conductivity 1098
Li+ diffusion 1120, 1133
liposomes 662, 664
– thermally gated 75
Lippert expression 337
Lippert plot 337
liquefied wax 78
liquid ALD (LALD) process 431
liquid crystal 1240
– dispersions 1240
–– in biofilms 1243
– displays 884
– structure 578
– templating (LCT) 575, 577
liquid crystalline phase 579
liquid deposition techniques 279, 280
– deposition step (solution spreading)

283
– evaporation step (progressive

concentration) 284, 288
– exemplified by dip coating. 281
– initial solution (sol–gel chemistry) 280
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– multistep process between chemistry and
engineering 280

– optional patterning processes 288
– postdeposition treatments 288, 289
liquid–liquid phase separation method 997
liquid–vapor interfacial tension 320
LISICON-related structure 1101
lithiation potential 1136
lithium–aluminum hydride 201
lithium carbonate 1097
lithium diffusivity 1121, 1122
lithium ethoxide 1098
lithium hydroxide 463
lithium insertion
– capacity and potential for 1122
– compounds 1096
– materials 1123
–– conductivity of 1121
–– by sol–gel methods 1125, 1126, 1127
lithium ion batteries 1071, 1119
– cell 1096
– complexing agent, effects 1128, 1129
– conductivity of 1100
– dispersing agent, effects 1129, 1130, 1131
– electronic conductivity 1120
– insertion materials by sol–gel methods 1124
– ion substitution 1131
–– anions 1135
–– layered oxides 1131, 1132
–– olivines 1133, 1134
–– spinels 1132, 1133
– sol–gel materials for 1123
– sol–gel processes, types 1123, 1124
lithium ion cell 1096
lithium ion conduction
– schematic representation 1121
lithium ion conductors 1101
lithium ion inorganic conductors 1101
lithium iron phosphate (LiFePO4) 1098
lithium metal batteries 505
lithium storage capacity, for hollow SnO2

particles 362
lithographic process
– to induce a selective reduction of Ag+

ions 173
lithographic technique 168
lithography by hard X-rays 181
Li-Ti alkoxide 1098
Li4Ti5O12

– thin films of 1098
Li4Ti5O12 electrodes
– spinel thin-film 1098
LiV3O8 nanorods 1130

LiV3O8 nanosheets 1130
Lloyd mirror 947
– interferometer setup 948
Ln-based upconverters 943
Ln-containing downshifting luminescent

materials 940
Ln-containing OIH 939
Ln NIR emission
– quantum efficiency 936
Ln3+ aquo ions
– energy level diagrams for 932
Ln3+-doped oxides 887
Ln3+ ions 888
localized surface plasmon resonances

(LSPRs) 1043
local monodisperse approximation (LMA) 684
long-chain polyamines (LCPA) 611, 628
long-chain-substituted monosilylated

imidazolium salt
– with cosurfactant-like behavior 503
LO-related vibrations 719
Lorentz model 1034
LO rocking vibrations 727
low-energy electron beam (LEEB) 180
lower critical solution temperature

(LCST) 835, 1327
low-temperature supercritical drying from

carbon dioxide (LTSCD) 1391
low-surface-energy sol–gel paints 1063
low-temperature high-κ dielectrics

(200 °C) 782
low-temperature processed films 876
low-temperature supercritical drying

(LTSCD) 543
LSCs. See luminescent solar concentrators

(LSCs)
luciferase 617
luminescence 1043
– emission 1295
– of Er3+ ions 714
– excitation bands 1296
– intensity 1294
– microscopy 938
luminescent and temperature-responsive drug

carriers 365
luminescent hybrid films, optical constants

of 947
luminescent materials 929, 930, 931
luminescent nanoparticles (Gd2O3:Eu3+) 365
luminescent periodic mesoporous

organosilicas 144
luminescent solar concentrators (LSCs) 940,

1281
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– based on sol–gel method 1287, 1288, 1289,
1290

– glass heating 1283
– lanthanide complexes, as prevent self-

absorption 1292, 1293, 1294, 1295, 1297,
1298, 1299, 1300

– laser hosts 1286
–– composite glass/polymer hosts 1287
–– organically modified silicates 1287
– laser matrices preparation 1286
–– polymerization 1286
–– silica precursors 1286
–– zirconia precursor 1286
– layer 1300
– ligand field theory 1281
– loss mechanisms 1288
– non-self-absorbing systems, based on proton

transfer 1290
– organic–inorganic matrices 1284, 1285
– photograph of 943
– schematic representation of 942
– sol–gel method 1282
luminescent species 931
– downshifting 937, 938, 939, 940, 941
– lanthanide (Ln) ions 931
– near-infrared (NIR) emitters 931, 932, 933,

934, 935, 936
– organic dyes 945
– upconversion/downconversion 942, 943,

944, 945
– visible emitters 937
luminescent tag, for drug loading tracking 365
luminous efficacy 884, 885
luminous flux 884
Lumira Aerogel 1400
Lycurgus Cup 1153
lyotropic liquid crystalline phase 577
lyotropic mesophases 72
lysosome 1318
lysozyme 624, 634, 638

m
MAA. See methacrylic acid (MAA)
Machu test 398
macroemulsion system 247
macro–mesoporous aluminosilicates 1008
macro/mesoporous silica material 992
macrophage 1310
macropores
– structure control, principles 747
– in titania and zirconia 1019
– walls 1006
macroporosity 320, 1010, 1022, 1241

– formation mechanism of 1001
macroporous gel morphology, and

compositional parameters 748
macroporous (>50 nm) materials 987
macroporous structure 1243
– morphology of 1016
macroporous titania system 1018
macroporous walls 1017
macroscale morphologies 995
macroskeletal mesoporous silicate foams with

open-cell 994
MACS technique 668
magadiite-layered silicates 447
magic angle coil spinning (MACS) 656
magic angle spinning (MAS) technique 653
Magnéli fibers 113
magnesium 1352
magnesium aluminum titanate 264
magnesium methoxide 201
magnesium niobate 262
magnesium nitrate 258
magnesium oxide 263
magnesium titanate 257
magnetic biopolymer-pNiPAm hydrogels

835
magnetic carbon hybrid materials
– growth of nanostructures 817
magnetic core–shell composite particles 359
magnetic Fe3O4 nanoparticles
– encapsulation of 348
magnetic framework composites (MFCs) 476
magnetic hysteresis 818
magnetic materials, sol-gel processing 813
– conventional synthesis of 813
– measurements 814
– nanoclusters 815
– nanocomposites 816
– nanoparticles 815, 816
– properties 817, 818
–– anisotropies, interparticle interactions/

interphases 821
–– composition effect 820, 821
–– particle size effect 819
magnetic metals
– anisotropy constants of 820
magnetic nanoparticles
– curves at room temperature 819
magnetic nanoparticles, bioapplications 825
– energy absorption, heating efficiency 832
– mesostructured silica applications, in

multifunctional MRI contrast agents 830
– new sol–gel nanomagneticmaterials, forMRI

contrast agents 832
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– NMR relaxivity properties 826
– silica Coatings for MRI contrast agents 826
magnetic nanosensor 1260
magnetic resonance imaging (MRI) 548, 828
Magnetic silica aerogels 819
magnetic silica–nickel composite hollow

spheres 357
magnetic sol–gel nanosensor 825, 1260
magnetite (Fe3O4)
– hollow particles of 359
magneto-optical Faraday effect 1260
magneto-optical materials 1259
magneto-optical properties 1259
magneto-optical waveguides 1259
magneto-optical method 824
magneto-optical properties, sol–gel

processing 821, 822, 824, 825
maleimide bond formation 1314
malononitrile 463
manganese oxides 1132
MAPTMS. See

methacrylatepropyltrimethoxysilane
(MAPTMS);
methylacrylatepropyltrimethoxysilane
(MAPTMS)

MAPTMS-based OIH (MAPTMS:
3-methacryloxypropyltrimethoxisilane)
936

MAPTS. See
methylaminopropyltrimethoxysilane
(MAPTS)

Marangoni effects 285, 294
marshmallow-like gel
– one-pot acid–base sol–gel synthesis for

a 756
marshmallow-like gels
– properties of 756
mass-sensitive 1414
Mass sensors 1174
materials
– bioinert 1345
– modifications 166
– nonlinearity 177
– with periodically arranged mesopores 803,

805
– selection criteria 771
MATMS 406, 407
Maxwell’s equations 730
Maxwell equations 1032
Maxwell-Garnett theories 1036
M-O-Si bonds
– hydrolytical stability of 235
MCM-41, 575, 577, 578, 1074

MCM-41 (Mobil Composition of Matter No.
41) 575

MCM-48, 575, 578
MCM-50, 575
MCM-41 mesophase 990
MCM-41 mesoporous materials 997
MCM41 silica particles 74
MCM-48-type cubic mesophase 990
mean particle size 1362
mechanical property, improvement 755
mechanical stability 586, 1414
MEK concentration 918
melamine
– –formaldehyde system 529, 555
meldola’s blue 1254
melting gels 1084
melting temperature 76, 80, 245
membrane–electrode assembly 1085
mercaptoethanol (ME) 1324
mercaptopropyl groups 592
3-mercaptopropyltrimethoxysilane

(MPTMS) 373, 375, 388, 389, 399, 400, 401,
406, 450, 476, 592, 736

– pretreatment 406
– ratio 399
mercury intrusion porosimetry (MIP) 547
mesenchymal stem cells (MSCs) 1347
mesitylene 796
mesocrystals 59
meso–macroporous Al2O3

– SEM images of 1005
meso–macroporous niobium oxides
– SEM images of 1006
meso–macroporous structures 1003
meso–macroporous titanium

phosphates 1009
meso–macroporous Y2O3, formation 1001
meso–macroporous yttria structures 1006
meso–macroporous zirconia 1019, 1022
– exotemplate 1021
meso–macrostructured γ-aluminas 1004
meso–macrostructured aluminum oxide

materials 1004, 1019
Meso(micro)–macroporous metal phosphates
– meso–macroporous phosphated aluminum

(oxyhydr)oxides 1010
mesopores 449, 1011, 1324
– into sol–gel-derived materials 1136
mesoporous bridged silsesquioxanes
– templated synthesis of 129
mesoporous carbon microspheres
– formation process of large-pore-ordered 998
mesoporous carbon nanospheres
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– formation of 989
mesoporous In2O3 nanorods
– synthesis of 1181
mesoporous–macroporous architectures 989
mesoporous–macroporous phosphated

aluminum (oxyhydr) oxide (PAl) materials
– hierarchical structure of 1010
mesoporous–macroporous titanium

phosphate materials 1017
mesoporous materials 122, 578, 580, 1042
– soft template-assisted synthesis 580
mesoporous metal oxide films 61
mesoporous nanorods 1016
mesoporous organofunctionalized silica

particles 236
mesoporous organosilicas
– templated synthesis of 130
mesoporous oxide 1049
– films 1035
mesoporous phenylene–silicas synthesis 590
mesoporous silica 582, 665, 826
– generated by SECM 388
– MCM-41, 990
– nanoparticles (See mesoporous silica

nanoparticles (MSNPs))
– networks 816
– particles 1360
–– hydrothermal transformation of 356
– polymer hybrids 1079
– SBA-15, 995
– self-assembly of 123
– template (KIT) 576
– templated synthesis of 123
mesoporous silica nanoparticles (MSNPs) 831,

1309
– aptamer-based ATP-responsive 1324
– capped with
–– inorganic nanogates 1324, 1325
–– organic moieties 1324, 1325
– containing
–– light-sensitive organic compounds 1328
–– plasmonic nanoparticles 1330
– drug-grafted 1324
–– through pH-cleavable linkers 1321
–– through reducible linkers 1326
– enzyme-responsive 1322
– mechanized 1320
– MSNP–polymer nanocomposites 1324
– PEGylated 1311
– pH-responsive 1318
–– poly(acrylic acid) (PAA) nanosystems 1320
– as pH-responsive DDSs
–– approaches used to develop 1319

– with pH-sensitive inorganic capping 1321
– pH-sensitive polymer nanocomposites 1318
– targeting groups on 1314
mesoporous silica–iron oxide PILCs 446
mesoporous SiO2TiO2 coatings 921
mesoporous solids 577
mesoporous TiO2 films 919
– photocatalytic activity of 918
mesoporous TiO2 powders, synthesis of 1191
mesoporous TiO2-Tween 20 films
– photocatalytic activity of 918
mesoporous titania 1020
– coatings 915
– materials 1004
mesostructured coatings 916
mesostructured films 183
mesostructured materials
– obtained by surfactant templating 126
Mesostructured silica 946
mesostructured thin films (MTFs) 1035
mesostructured TiO2-anatase coatings 920
mesostructured TiO2 coatings 922
mesostructured titania films
– TEM micrographs of 917
metal acetylacetonates 214
metal alkoxide 31, 50
– commercially available simple 202, 209
– stable in ambient atmosphere 201
metal alkoxide precursors 168, 209, 324, 799
– alcohol interchange reaction 211
– alcoholysis of complexes derived from

volatile
–– acids weaker than alcohols 209
– alcoholysis of metal oxides 210
– basic alcoholysis of metal
–– halides: metathesis 210
– electrochemical oxidation of
–– metals in alcohols 211
– interaction of metals with
–– alcohols 209
metal alkoxides Ti(OR)4, Al(OR)3, Y(OR)3,

Nb(OR)5, Ta(OR)5 51, 92, 121, 196, 200, 201,
212, 238, 278, 382, 458, 713, 792, 860, 1000,
1013

– chemical reactivity of 1159
– hydrolysis/condensation of 1120
– molecular structure of 1160
– in situ formation 50
– spontaneous hydrolysis and condensation

of 1002
metal-based sol–gel process 232
metal carboxylates 847
metal cations 132
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metal complex 584
– carboxylic acids 1128
– lithium ion batteries 1124
– method 1128
metal diolates 797
metal electrodeposition 487
metal halide 31, 50
metal hydroxide 50, 852
metal ions 318, 391, 394, 775, 804, 1043, 1417,

1422
metallic Cu nanofibers 420
metallic lithium anode 1096
metallic nanofibers 417, 419, 421
metallic nanoparticles 109, 165, 184, 1048,

1414, 1417, 1422
– -loaded carbon foam 110
– in mesoporous oxide matrices 1042
metallic Ni nanofibers 420
metallic palladium 970
metallic silver particles 1247
metal-loaded OMPOs 1043
metalloproteinases 1323
metal nanofibers 419
metal nanoparticles (MNPs) 405, 1043, 1044,

1058, 1298, 1420, 1422, 1426
metal nanoparticles@1D photonic

crystals 1047
metal–amine complexes 850
metal-organic compounds
– hydrolysis/polycondensation reactions

of 1282
metal organic decomposition 846
metal organic frameworks (MOFs) 471, 889
– -based device fabrication 471
– crystals 477, 479, 480
– fabrication
–– conversion from ceramics for 480
– film 480
– hosting sol–gel-based structures 472
– MOF-5 crystals 476, 479
– MOF–sol–gel-based structures
–– design and synthetic strategies 472
– technology 482
metal-organic frameworks (MOFs) 660
metalorganic precursors 269
metal-organic precursors 1284
metal–organic sol–gel approach 195
metal oxide nanoparticles 48, 49, 60, 233, 238,

430, 1414
– nonaqueous sol–gel routes to 31
–– surfactant-assisted 31
– synthesized by the benzyl alcohol routes

233

metal oxides 31, 59, 61, 73, 75, 122, 181, 214,
277, 278, 374, 425, 426, 473, 630, 641, 777,
1042, 1157, 1175, 1245, 1414

– architectures 481
– composition
–– trimodal porous materials 1008
– conductometric sensor
–– structure of 1175
– for electrochromic layers 1245
– frameworks 1049
– hierarchical 1048
– material 1016
– nanocrystals 30
– nanofibers 421, 423, 427
– nanoparticle catalysts 424
– network 30
– template 480
metal oxide semiconductor (MOS) 769
metal oxide semiconductor field-effect

transistors (MOSFETs) 769
metal–oxygen bonds 768
metal phosphates 1008
metal reagents 852
metals 47, 388, 394, 1043, 1049
metal salts 278
metal/semiconductor nanoparticles 1262
metal sulfides 46, 47
metal transition complex oxide 1149
metal trifluoroacetates 214
methacrylatepropyltrimethoxysilane

(MAPTMS) 330
methacrylic acid (MAA) 724
3-methacryloxypropyltrimethoxysilan 236
3-methacryl-oxypropyltrimethoxysilane

348
methacryloxy propyltrimethoxysilane

(MPS) 177, 1084
3-methacryloxypropyltrimethoxysilane

(3-MPS) 1217
3-methacryloxypropyltrimethoxysilane

(MPTMS) 169
3-(methacryloyloxy)propyl]

trimethoxysilane 177
3-(methacryloyloxy)propyltrimethoxysilane

(MAPTMS) 1083
methane gas 1014
methanol 196, 374, 462, 537, 780, 782
methanol fuel cell applications 1073
methanolic solutions
– metal precursors 1182
methoxides 196, 201
4-Methoxybenzophenone 1255
2-methoxyethanol 251, 778, 782
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methoxy poly(ethylene glycol)
monomethacrylate (PEGMA) 1102

methoxysilane group 1358
methylacrylatepropyltrimethoxysilane

(MAPTMS) 323
methylaluminoxane 454
methylaminopropyltrimethoxysilane

(MAPTS) 580
(N,N)-methylene bis-acrylamide 1130
methylene blue 1253
methyl ethyl ketone degradation ofmesoporous

TiO2–anatase films 918
methyl methacrylate 44
methylmethacrylate (MMA) 335
methylmethoxysilane–

dimethyldimethoxysilane gels 757
methyl methylmethacrylate (MMA)
– monomer 330
2-methyl-1,4-napthoquinone 405
methyl orange 44
– photocatalytic degradation of 923
methyl orange dye 508
methyl parathion 402
methylphosphonic acid groups 594
methyl-red 1253
methyl–silica hybrid coatings 185
methyl silicate sol 1418
methylsilsesquioxane 752
methylsilsesquioxane aerogels 752
methyltrialkoxysilane-derived films
– stainless steel sheets coated 1060
methyltriethoxysilane (MeSi(OEt)3) 658
methyltriethoxysilane (MTES) 388, 524, 1209,

1283
– formulations 1059
3-methyl-1-(3-(triethoxysilyl) propyl)-

imidazolium chloride 499
methyltrimethoxysilane (MTMS) 323, 330,

332, 490, 524, 753, 900, 1285
– electrochemical deposition 373
– films, effect of deposition potential on

thickness of 379
Mg-doped barium strontium titanate 257
Mg-doped barium tantalate 261
MgTiO3 ceramics 258
MgZK10 alloy
– SEM map of 1378
MgZK30 metal 1377, 1378
micellar nanolithography 62
micelles 283, 347
– PVP block of 348
micelle templated by self-assembly of
– ligands (MTSAL) 202

Michigan State University (MSU) 576
microcavities 1258
microcystin-LR 915
microelectrodes 387, 398, 399
microelectronic circuits 560
microelectronics 471, 770, 1039
microemulsions 100, 101, 247
– system 247
– templating 361
microemulsion/solid transport (EST) sol–gel

method for catalysis 975
microextraction 388
microfabrication 277
– of artificial diatom and radiolarian

frustules 639
– of devices for optics and photonics 175
microfluidics 1031
micro–meso–macroporous zeolitic materials
– by usingmeso–macroporous materials 1022
microoptics 1039
microporosity 129
(micro)porosity 1034
microporous zeolite nanocrystals 1022
microreactors 296
microspheres
– organo-functionalization of 348
microwave-assisted synthesis 40, 42
microwave heating 126
microwave irradiation 44, 47, 593
microwave (MW) irradiation 659
microwave–hydrothermal treatment 125
microwave reactors 30
microwave sintering technique 256
Mie scattering theory 730, 732
Mie simulation 731
Mie theory 1044
millimeter-sized electrodes 398
mineralization 76, 80, 81, 84, 634, 1349
– of acetone 97
– of biomacromolecules 632
– of collagen 633
– of microorganisms 637
– partial 83
– of polysaccharides 635
– reaction 605
– wax crystals’ surfaces 77
– of wood cellular structures 990
mineral–organic layers 613
miniature cylindrical lens
– made of fast sol–gel material 333
miniaturization 1413
– of capsules 87
– electronic components 841
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– process 1039
miniaturized detection 559
miniemulsion/emulsion polymerization 827
MIP-based sensor 1429
MIP dopamine electrochemical sensor 1421
mirrorless laser-like emission 946
mixed alkoxide solutions, use of 1006
mixed cellulose esters 991
mixed oxide aerogels 799, 803
– high temperatures lead to 802
– synthesis methods 801
– x-ray diffraction measurements 802
mixed oxide catalysts 799
Mizoroki–Heck cross-coupling reaction 760
– iodobenzene with styrene 104
M-line spectroscopy 717, 724
MMA. Seemethyl methylmethacrylate (MMA)
MMA–dye solution 335
MMRTG technology. See multimission

radioisotope thermoelectric generator
(MMRTG) technology

Mn-based MOF surface 474
Mn-doped structure 1135
Mn-doped YInO3 blue 1162
MNPs. See metal nanoparticles (MNPs)
modification of Ti(OR)4, with organic

groups 794
modified particles (MPs) 1210
modulable steady state (MSS) 695
MOFs. See metal organic frameworks (MOFs)
M–OH species 963
molecular glue 399
molecular homogeneity, in final binary oxide

materia 793
molecular imprinting technology 1429
molecularly imprinted electrodes 1421
molecular periodicity 576
molecular recognition properties 138
molecular-scale periodicity 592
molecular structure, of template 1038
molecular/supramolecular templating 1034
molecular templating 804
monoamidepropyltriethoxysilane 897
monoamidosils 898
monochromatic LEDs 893
monodispersed hollow organosilica

nanoparticles 355
monodispersed hollow silica

nanoparticles 360, 361
monoethanolamine 479, 482
monolith/bulk glasses 317
monolith fabrication 318, 322
– role of drying in 320

monolithic aerogel 1399
monolithic ethane–silica gels
– with well-defined cocontinuous

macropores 997
monolithic gels 49
monolithic silica aerogels 1396, 1399
monoliths 60, 317, 324
monometal oxides 775
monomethinecyanines 898
mononuclear Rh(I) complexes

[h5-C5H4(CH2)2Si(OMe)3]Rh(CO)2,
syntheses of 967

montmorillonite 444, 445, 449, 1221
– particles 449
montmorillonite-based PCHs 448
montmorillonites 447
MoO3-based gas sensors 1185
MoO3 nanoporous/crystalline films of 1138
MoO2 nanorods 52
MoO3–WO3 film 1185, 1186
Moore’s law 767, 770
Mo oxidation states 1183
MO oxides 321
M2O3 oxides 321
morphological diversity
– from bioinspired chemistry with various

inorganic precursors 631
morphologies
– sol–gel chemistry 1137
morphology control
– nanometric domain 932
morphology, energy storage 1135, 1136
– pseudocapacitors 1137, 1138, 1139
morphosynthesis 72
MOS. See metal oxide semiconductor

(MOS)
MOSFETs. See metal oxide semiconductor

field-effect transistors (MOSFETs)
MPS. Seemethacryloxy propyltrimethoxysilane

(MPS)
MPs. See modified particles (MPs)
MRI cell 365
MR–optical dual-modal tumor-specific

probe 829
M41S materials
– characteristics of 575
M41S mesoporous silica 447
MSNPs. See mesoporous silica nanoparticles

(MSNPs)
MSQ aerogel
– spring-back behavior 753
MSQ gels, synthetic procedure of 753
MSQ xerogel
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– relationship between pore gas pressure and
thermal conductivity 754

MSS. See modulable steady state (MSS)
MTES. See methyltriethoxysilane (MTES)
MTMS. See methyltrimethoxysilane (MTMS)
MTMS–dimethyldimethoxysilane (DMDMS)

co-precursor system 755
MTMS–DMDMS marshmallow-like gels 757
multicargo systems 638
multicomponent ceramics 250
multicomposite nanofibers 424
multidrug resistant (MDR) 1312
– tumor cells 1312
Multiferroics 843
multifunctional drug carriers 365
multilayer coatings 1258
multilayer mesoporous TiO2 films
– methyl ethyl ketone (MEK)) of 918
multimission radioisotope thermoelectric

generator (MMRTG) technology 558
multimodal porous networks of hierarchically

structured functional materials 988
multiphasic composite glass 336
multiphasic composite hybrid monoliths 333
multiphoton-pumped frequency-upconversion

lasing 1262
multiple-quantum MAS (MQ-MAS)

sequence 654
multiple templating approach
– scheme detailing 990
multiresponsive controlled DDSs 1332
multitherapy delivery vectors 87
multiwalled carbon nanotubes

(MWCNTs) 407, 1221
– EDS analysis 1225
MWCNTs. See multiwalled carbon nanotubes

(MWCNTs)
mxed oxide inorganic UV protective

coatings 1256
m-xylylenediamine 898
N-myristoyl-L-alanine sodium salt 502
MZ interferometer structure SEM image 941

n
NaCl solution
– Rpol function 1379
N2 adsorption–desorption isotherm 666
Nafion membranes 1074
– DMAC solution, TEOS hydrolysis sol–gel

reaction 1074
– 117 membrane 1075, 1082
– 212 membrane 1075
– proton conducting, structure of 1073

– silica membranes 1075
– SiO2 composite membranes 1075
– SiO2 nanoparticles 1075
– water suspension 1426
– zirconium phosphate composite

membranes 1076
Nafion 1421
NaF mineralizer 1160
nanoarchitectonics 443
nanoarchitectures 444
nanocapsules 638
nanocarbons 1262
nanocasting processes 71, 579
nanocelluloses 951
nanoclays, use of 1218
nanocomposites 236, 237, 739, 1360
– films 165, 1427
–– electrode 1419
–– optical 714, 1187
– monoliths 318
– nanoparticle polymer, properties of 238, 239
– nonlinearity of 739
– silica nanoparticles
–– polymer matrices, dispersion of 237
– silica particles, in situ production
–– in polymer matrix 237
– silica particles, melt production of
–– in polymer matrix 238
nanocomposite thin films 713
nanocomposite xerogel 1187
nanocontainers
– analysis of loading 1373
– inhibitors evaluation, electrochemical

cell 1375
nanocontainers (NCs)
– loading of inhibitors 1375
– into sol–gel coatings 1372
nanocrystalline Li4Ti5O12 particles 1098
nanocrystalline yttria (Y2O3) powders 249
nanocrystals 1259
nanoelectrode ensembles 1426
nanofabrication
– through multiphoton absorption 177
– by two- or multiphoton absorption 177
nanofibers 415, 428, 430, 1221, 1355
– mats 415, 416
– types of 1222
nanofibrous additives 755
nanoflowers 47
nanofunctionalization 72
nano-MgF2 particles 1259
nanoindentation tests 1212
nano-inks 1166
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nano insulation materials (NIM) 1404
nanolithographic processes 71
nanomaterials 789, 1416, 1420
– load 1416
nanometer-sized hybrid inorganic–organic

proton-conducting membranes 1080
nano-ordered composite materials 1080
nanoparticles (NPs) 283, 391, 443, 1031, 1309,

1350, 1360, 1389, 1416
– arrays 57
– based films 61
– for drug delivery 1347
– optical properties of 1042
– polymer nanocomposites 44
–– challenges 237
– in silica OMPO 1043
– used in luminescent applications 215
nanoporosity 1352
– AAO templates 431
– mesocrystals 60
– particle-supported lipid bilayer 640
nanopowders 245
nanoreactors 1049
nanorods 97
NANOSAT-01, 1260
nanoscale architectures 443
nanoscratch resistance, elastic nanofiller 1216
nanosensor 1260, 1261
– design 1261
nanosized ceramic inks 1166
nanosized noble metal gold

nanoparticles-doped
– dielectric composite titania films 1262
nanosized silica 228
nanospheres 47
nanostructured hybrid silica material
– formation from bis-alkyl imidazoliun

precursor 131
nanostructured materials 1031
– sol–gel materials 875, 1136
nanotechnology 577
nanotexturation 72
nanotopography 1352
nanotubes 71, 383, 415, 427, 430, 1221
– fabrication processes 436
– fibers 1419
nanowires 46, 47
Na[Ph2P-3-(C6H4SO3)] 972
naphthalene 406
– 1,2-dihydronaphthalene, catalytic

disproportionation of 967
1,4-naphthalenedicarboxylic acid (H2ndc) 480
β-naphthol 460

naphthopyran 1245
– coatings 1248
naphthopyran dye 1251
– embedded in hybrid coatings 1248
naphthopyran group 1247
naphthopyrans 1246, 1251
2,6-naphthylene-bridged PMO 592
Naples yellow 1153
naproxen 1330
NASICON (sodium superionic

conductors) 1101, 1198
– powders
–– sol–gel synthesis of 1200
natural sol–gel materials 606
Nb clusters 690
Nb-doped LVPO 1134
Nb-doped PZT (PZTN) ceramics 252
Nb-doped strontium titanate 178
Nb2O5 1138
– aerogels exhibiting 1138
– formation of 1001
NCs. See nanocontainers (NCs)
Nd:YAG lasers 175
Néel loss 833
near-infrared (NIR)
– dyes 954
–– utilization of 954
– filters 1258
– light 1328
– of light output of buried channel

waveguide 726
– luminescent copolymerized hybrid

materials 934
– region 944
– spectroscopy 726
NECC-BSCF cathode 1095
neodymium 1257
neodymium oxide 776
neutral amines 126
neutral inorganic precursors 580
neutral organic substructure
– and surfactant molecule TA 131
neutral surfactants 580
next-generation flexible electronic systems
– and key relevant sectors 876
NH3 gas 1187
NiAc/PVA composite fibers 420
nickel electrodes 391
nickel migration 1122
nickel nanofibers 421
nickel oxide (NiO) 527, 1257
nickel silicate (NiSiO3) 356
– hollow nanospheres 357
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Nickel titanate thin films 1199
nickel–YSZ cermet anode 1087
NiCoFeB alloys 820
β-nicotinamide adenine dinucleotide 405
Ni-γAl2O3-supported catalyst 449
niobia/hybrid silica
– schematic representation 691
niobia ultrathin films
– GATR-FTIR measurements of 783
niobic acid (Nb(OH)5) 262
niobium alkoxides 214
niobium oxide 779
NiO-BZY cermet 1092
NiO–Au films 1185
NiO–SiO2–montmorillonite PILCs 449
NiO solution 1185
NiTiO3 film Au NPs, response of 1199
nitrate ions 377, 396
nitrates 195, 472, 714
nitric acid 168, 259, 282, 327, 445, 1132, 1349
nitric acid-aided EDTA–citrate combustion

process (NECC) 1095
nitric acid-modified EC route (NEC) 1095
nitric oxide 1312
nitrides 887
nitridosilicates 886
nitrite 1426
nitrite sensor 1427
– sensitive 1427
nitroarene derivatives
– in aqueous microemulsion 976
nitroaromatics 1426, 1427
nitrobenzene 402, 1328, 1426, 1427
4-nitrophenol 1430
NLO. See nonlinear optical (NLO)
NMR. See nuclear magnetic resonance (NMR)
noble metal-based catalysts 1022
noble metal NPs
– in hosts for NLO effects 734
nonaqueous sol–gel process 227, 232
– metal oxides 232, 233, 234
– synthesis approach 30
–– beyond metal oxides 43
nondispersive dielectrics 1033
nonferrous MRI contrast agent 830
nonhydrolytic benzyl alcohol route 44
nonhydrolytic condensation reactions
– toward mixed metal oxides. 799
nonhydrolytic hydroxylation reaction 49
nonhydrolytic sol–gel processes
– precursor and solvent choice for 213
nonhydrolytic sol–gel methods 22, 815, 1177
nonhydrolytic sol–gel reactions 232

non-Newtonian behavio 290
non-oxide materials 844
noninvasive technique 1033
nonionic PEO surfactants 1001
nonionic poly(alkylene oxide) surfactant

(C16(EO)10) 1004
nonionic surfactants 576, 580, 1257
nonionic triblock copolymer F127

[(EO)106(PO)70(EO)106] 988
nonlinear absorption 1262
– coefficient 736, 1262
nonlinear chromophore
– second-order 1259
nonlinearity 1262
nonlinear optical (NLO)
– characterization 714
– effect 736
– films 405
– materials 1261
– properties 214, 715, 1261, 1262
nonlinear optics 394, 1252, 1262
– applications 1261
– materials 1245
– organics 1257
nonlinear polarization 1261
nonlinear refractive index 734, 1262
nonlinear susceptibility 1262
nonmodified (hydrophobized) silica gels

544
non-Newtonian characteristics 293
non-oxide sulfide 713
nonoxidic nanoparticles 233
nonpolar groups 1241
nonporous TiO2

– schematic representation 1021
nonradiative decays (NRDs)
– for Ln excited states 931
non-RC participating firms 1067
nonsilicate alkoxides 321
nonsilica xerogel monoliths
– methods for preparation 325
nonsiliceous materials 127
nonsiliceous oxides 357
nonspherical particles 1044
nontoxic HAp cap system 1321
normalized transmittance
– for OA Z-scan measurement 736
novel NIR-responsive DDS 1330
nozzle clogging 1166
nuclear magnetic resonance (NMR) 673
– analysis 167
– in-situ spectroscopic techniques 674
– interactions 653
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– investigation of phenyl-functionalized
templated silica 668

– spectra
–– of hyperpolarized 129Xe adsorbed 667
– spectroscopy 124, 548
nuclear waste storage 1386
nucleation 48, 52, 54, 293
– enthalpy 84
– of MOFs 478
nucleic acid 138
nucleolin (NCL) 1316
nucleophiles 586, 1359
nucleophilic attack, of water molecules 231
nucleophilic substitution 322, 630

o
OA Z-scan
– AT5, curve 736
– AT10, measurement 736
octacalcium phosphate (OCP) 1352
octadecane 76
1-octadecanethiol 386
1-octadecene 55
octadecylamine 798
octadecylammonium chloride 445
n-octadecylsiloxanes 904
octadecyltrimethylammonium bromide 581
octadecyltrimethylammonium chloride 135,

581
octanal, oxidation of 1065
n-octane 348
2-octanol, oxidation of 1065
oct-l-en-3-ol 964
N-octyltriethoxysilane (C8-TEOS) 524
octyltrimethoxysilane (OTMS) 389
OG. See organogel (OG)
OH-MWCNTs (hydroxyl-functionalized

multiwalled carbon nanotubes)
– stable suspensionsof 1223
OIH. See inorganic hybrids (OIH);

organic–1119
oil-in-water emulsion containing surfactant

(CTAB) at room temperature 992
oil–water interfaces 76
olation 852
OLEDs. See organic light-emitting diodes

(OLEDs)
olefin epoxidation 790
oleic acid 32, 55, 60
oleylamine 33, 55
oligoarylenevinylenes 141
oligomeric poly(propylene oxide)

α,ω-diamine 1219

oligomerization 13
oligopeptide 592
oligo(phenylenevinylene) (OPV)-bridged

precursors 146
oligo(phenylenevinylene) diimide
– Cy-ImPV 150
– Si(OEt)3-Cy-ImPV 150
– Si(OEt)3-ImPV 150
oligosiloxane–titania hybrid resins 1259
Oliver–Pharr method 1208
olivine LiFePO4 1121
OM. See optical microscopy (OM)
OMCs. See ordered mesoporous carbons

(OMCs)
omnidirectional reflectors 1049
OMPOs. See ordered mesoporous oxides

(OMPOs)
one-dimensional (1D) nanostructures 415
one-dimensional photonic crystals 1258
one-pot enzyme/catalyst pair 981
one-pot reactions
– principle of carrying 973
o-nitrobenzyl derivatives 1330
17O NMR chemical shifts 657
O2/O3 sensors 1195
Opals 938
opaque aerogel insulationmaterials 1397, 1398
opaque glazes 1149
opaque insulation materials 1397
Open-circuit voltage (OCV) 1089
opposing reagents, uses 972
opsonin 1310
optical absorption spectra 728
optical anisotropy 1259
optical branch 1261
optical density modes 1032
optical devices 487, 1031, 1244
optical/electrical sensing tests 1195
optical fiber gas sensor 1187
optical films
– sol–gel preparation of 714
optical filters 1039, 1256
optical gas sensing test 1196
optical gas sensors 1174
optical grating patterns 728
optical images
– steel/epoxy 398
optical limiting (OL) properties 1262
optical loss 726
– spectra, of xerogels 727
optical materials 1239
optical memories 1261
– devices/switches 1252
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optical microscopic
– image of Au nanowires 419
– visualization of effect of heating capsules 77
– wax release from eicosane@SiO2 capsules 79
optical microscopy (OM) 317
– images of eicosane@SiO2 capsules 75
– techniques 1012
– water@wax@SiO2 particles 80
– wrinkled ordered titania hybrid films 171
optical nonlinear filters 333
optical nonlinearity 177
optical parameter 1037
optical propagation loss, measurements 725
optical properties 1032, 1047
– of biogenic silica 616
– of nanostructured materials 1031
– of perylene residue 149
optical resonators 1039
optical response of OMPO layers 1032
optical sensors 1253, 1254
optical spectroscopy methods 715
– fluorescence spectroscopy 717
– IR spectroscopy 715
– optical loss measuremen 717
– Raman spectroscopy 715
– UV–Vis–NIR spectroscopy 717
– Z-scan measurement 717
optical storage materials 1261
optical switches 1245, 1261
optical thermometry 944
optical tunneling 716
optical tweezers nanothermometry (OTN) 939
optical waveguides 714
optics 576
optimal performance 1239
optimal plates, electricity 1299
optimized LSC
– profile 1299
– schematic of 1299
optoelectronic devices 61, 149, 560
– design 1033
optoelectronic properties 148
optoelectronics 170
ordered mesoporous carbons (OMCs) 106
ordered mesoporous oxides (OMPOs) 1031
– films 1034, 1043
– pores 1047
– skeleton 1043
– synthesis and characterization 1034
ordered mesoporous silicas 576
ordered mesoporous solids, syntheses of 579
O2-related emission center 905
organic alcohols

– reversible grafting of 761
organically modified silanes 323
– monoliths 329
organically modified silicates (ORMOSIL) 723
organic-bridged PMOs
– hydrogen adsorption properties 593
organic carboxylic acids 902
organic chromophores 900
organic coatings 1254
organic compounds 1261
organic dyes 450, 952
– rhodamine 6G 945
– sensitization 955
organic electroluminescent materials 887
organic electro-optic polymers
– cross-linked 1257
organic epoxide reagent 528
organic fluorophore 474
organic gels
– classification of 529
organic–inorganic hybrids 44, 166, 169, 170,

459
– matrices 1251, 1285
– photochromic material 1247
organic–inorganic matrices 1246
organic–inorganic nanocomposite

materials 1082
organic light-emitting diodes (OLEDs) 141,

883
– panels 886
organic–mineral interface 71
organic molecules
– detection of 1425
organic–inorganic biomaterials 631
organic–inorganic hybrids (OIH) 331, 886,

888, 905, 930
– on APTES 902
– materials 723, 726, 728, 888, 906
– OH� ions 373, 376
– precursors 896
– strategy 952, 955
organic–inorganic interfaces 71, 610, 662, 665
organic–inorganic matrix 1414
organic pH-sensitive molecule 1413
organic pollutant detection 1426
organic polymers 72, 756
organic residues grafted on silica
– functionalization for 200
organic surfactants 122
organic trialkoxysilane monomers
– sol–gel polymerization of 1081
organoalkoxy-silanes 454, 658
– hydrolysis–condensation reactions of 132
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organoboron dyes 886
organocatalyst 488
organochloro-silanes 454, 658
organoclay/alkoxide ratio 452
organoclays 449
organofunctional silanes 373
organogel (OG) 133, 143, 144, 283
organometallic catalysts, entrapment
– within sol–gel materials 963, 964
organosepiolite-containing CTA+ ions. 461
organosepiolites 458, 459
organosilane precursors 584
– designed for visible light fluorescent

PMOs 146
organosilanes 450, 454, 458, 576, 1315,

1359
organosilica films 3-OPV-Brij76-F 147
organosilicas
– based on purine–pyrimidine base pair

assemblies 138
– nanostructuration through hydrophobic

interactions of 137
– self-assembled
–– with a bridging ureidopyrimidinone

dime 138
– self-assembly synthetic strategieswith optical

properties 139
– self-organized 132
–– generation upon supramolecular

assemblies 133
– sol–gel synthesis of 128
organosiloxane 746
organosilylated chiral rhodium-complexed

diphosphine ligands
– sol–gel hydrolysis of 977
organotrialkoxysilanes 10, 23, 127, 746, 899
– polymerization of 348
oriented attachment
– and mesocrystals 59
Ormocers 330
Ormosils (organically modified silica sol-gel

materials) 973
– films 726
– formulations 1061
– inorganic–organic hybrid monoliths, in one

phase 330
– monoliths 318, 330
ORR. See oxygen reduction reaction (ORR)
osmoprotecting agent 637
osmotic pressures 80
osteoarthritis 1346
osteoblasts 1346, 1353
osteochondral defect 1347

osteoclasts 1346, 1353
osteogenic gene 1354
osteogenic stimulation, of cells 1348
osteoporosis 1346, 1354
osteoproduction 1349
osteoprogenitor cells 1349
osteostimulation 1349
Ostwald ripening process 19, 347, 359, 360,

362, 535, 689, 749
OTMAC, ethylene-bridged mesoporous

silicas 587
OTMS. See octyltrimethoxysilane (OTMS)
OTN. See optical tweezers nanothermometry

(OTN)
oxalic acid 431, 541
oxidation
– ascorbic acid 1426
– of chlorobenzene 1024
– reduction pair 974
– of styrene 593
oxides 165, 166, 175
– colloids 196
– gels 745
– metal-doped ZrO2 aerogels 557
– nanoparticles 196, 1034
– nanopowders 248
– powders 245, 248
– shell 1045
– thin films 1032
oxidization 421
oxo-bridges 657
3-oxoethyl-6-trimethoxysilyl-hexan-2-one

(OTH-H) 698
oxohydroxo-organotin dimethacrylate

934
oxo-lactato-titanate of ammonium 215
oxolation 50, 846, 852
4-oxo-2,2,6,6-tetramethylpiperidine-1-oxyl

(4-oxo-TEMPO) radical 407, 981
oxygen-excess lanthanum-based silicates

1091
oxygen ion conductivity 1089
oxygen ion conductors 1091
– electrolytes, solid oxide fuel cell 1086
oxygen ion electrolytes 1088
oxygen ion vacancies 1089
oxygen reduction reaction (ORR) 1094
oxygen sensing tests 1182
oxygen vacancies, by metal ion doping 921
oxynitride 746
ozone 172
– rich atmospheres 911
– treatment 170
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p
PA. See phosphoric acid (PA)
PAA. See poly(acrylic acid) (PAA)
palladium acetate 969
palladium heterogeneous nucleation, within

macrocellular organo-Si-(HIPE) 103
palygorskite 457, 458, 460
– fibers 457, 460, 462
PAN. See polyacrylonitrile (PAN)
pancreatic tumor cells (PANC) 1316
– gel electrolyte 1102
Pangel B-40, 459
PANi. See polyaniline (PANi)
papain 624
paracetamol 1426
paraffin oil 1426
paramagnetic effects 662
parathion 402
PAR-1 receptor signaling 1316
partial hydrolysis 852
partial vapor pressure 284, 301
particle formation 55
particle induced x-ray emission (PIXE) 1355
particle sizes 30, 92, 250, 252, 265, 306, 449,

463, 614, 717, 730, 732, 795, 1046, 1247,
1259, 1362

– affect of pH value 734
– of Ag NPs in sol–gel films 728
particulate ionogels 492
passive targeting 1311
PBG. See photonic band gap (PBG)
PBI. See perylene bisimide (PBI)
0.65Pb(Mg1/3Nb2/3)O3–0.35PbTiO3, relaxor-

based systems 871
Pb2Sb2O7 cubic pyrochlore 1153
PbTiO3 and PbZrO3 films 844
PbTiO3 ferroelectric thin films 871
P123 copolymer 590
PCs. See photonic crystals (PCs)
Pd-loaded SnO2 nanofibers 424
Pd(II) acetylacetonate 47
Pd-loaded SnO2 nanofibers 424
PDMAEA. See poly[2-(dimethylamino) ethyl

acrylate] (PDMAEA)
PDMS. See polydimethylsiloxane (PDMS)
Pd/TiO2–ZrO2 1024
Pechini methods 247, 849, 1093, 1120, 1123,

1124, 1129, 1131, 1136, 1162
– carboxylic acids 1128
– lithium ion batteries 1124
– routes of citric acid/PEG and oxalic acid/

glucose 1129
pectin 530, 635

PEDS. See polyethoxydisiloxane (PEDS)
PEEK. See polyetheretherketone (PEEK)
PEG. See polyethylene glycol (PEG)
PEGDM. See polyethylene glycol

dimethacrylate (PEGDM)
PEGDMA. See poly(ethylene glycol),

dimethacrylate (PEGDMA)
PEGMA. See methoxy poly(ethylene glycol)

monomethacrylate (PEGMA); poly(ethylene
glycol diacrylate) (PEGMA)

PEGylation
– of mesoporous silica nanocarriers 1310
PEM. See proton exchange membrane (PEM)
PEMFC. See proton exchange membrane fuel

cells (PEMFC)
pencil scratch tests 1208
PEO. See poly(ethylene oxide) (PEO)
peptides 624
perchlorate ion 377
Percus–Yevick approximation 678
perfluorinated resin–sulfonic superacid 973
perfluoroalkylsilane (PFAS) 524
(perfluorooctyl) triethoxysilane (PFOTES) 688
periodic mesoporous materials synthesis,

assisted by SDAs 577
periodic mesoporous organosilicas

(PMOs) 127, 576, 584
– with amorphous wall structure 584, 587
– bridging organic groups of 586
– chemical and physical properties of 585
– containing phenylene 587
– with crystal-like wall pore 589
– with crystal-like wall structure 584, 587, 588,

589, 591
–– figures of merit 591, 592, 593, 594, 595
– direct synthesis routes for 585
– films 889
– framework
–– structural models of periodically arranged

organic groups in 145
– hybrids 587
– multidisciplinary applications of 587
– multifunctionalization 586, 587
– synthesis
–– bridged organosilane precursors 588
– synthesis mechanisms 584, 585, 586
– synthesis of multifunctionalized 586
periodic mesoporous phenylene–silicas 590
periodic mesoporous silicas (PMSs) 575
– direct synthesis 583, 584
– functionalization of 582, 583
– postsynthetic grafting 583
– synthesis mechanisms of 577
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–– cooperative self-assembly 578, 579
–– evaporation-induced self-assembly

mechanism 579, 580
–– liquid crystal templating 578
–– soft templating 580
– synthesis routes 583
permeability 1253
perovskite-type La2/3�xLi3xTiO3 1101
perovskite lanthanum strontium

manganite 1093
Perovskite PbTiO3 nanoparticles 32
perovskite (Ca, Pb)TiO3 thin films 871
– spontaneous pyroelectric coefficient of 869
peroxidase 403
personal computers 884
perylene bisimide (PBI)
– cores 593
– membranes 1078
– PPA nanocomposite membrane by sol–gel

method 1079
3,4,9,10-perylenetetracarboxylic

dianhydride 148
perylenetetracarboxylic diimide-bridged

silsesquioxane (PDBS) 148
perylenetetracarboxylic diimide (PD)

derivatives 148
PES. See polyethersulfone (PES)
PET (polyethylene terephthalate, polyester)

fibers 1396
petrochemical derivatives 450
PFAS. See perfluoroalkylsilane (PFAS)
phase-separation
– of block copolymer 989
– inducer 759
– technique 996
phase separators 283
phase transformation of boehmite
pH effect 321
phenol 460
phenol acetylation reaction 463
phenol furfuryl alcohol 529
phenol hydroxylation 790
phenol photodegradation 461
phenolphthalein 376
phenylacrylate 1254
phenyl-bridged polysilsesquioxane 1187
[1,3-phenylenebis(1-methylethylidene)]bis

(aniline) 898
1,4-phenylene-bridged mesoporous

organosilica 145
phenylene-bridged organosilica 592
1,4-phenylene-bridged PMOmaterial 589, 590
phenylene-bridged PMOs 592, 594

phenylene–silica hybrid mesoporous
material 591

phenylene–silica PMO
– sulfuric acid functionalization 591
1,4-phenylene–silica PMOs 590
phenylenevinylenediimide silsesquioxane 889
phenyl-modified matrices (SiO-Ph) 1249
phenyl-modified silica matrix (SiO-Ph) 1248
2-phenylpyridine (ppy) moieties
– production of novel PMOs 592
phenyl-substituted melting gels 1084
phenyltriethoxysilane (PhTES) 450, 898, 1084
phenyl triethoxysilane (SPS) 1084
phenyltrimethoxysilane (PhTMS) 389, 391,

395, 400, 900
pH-induced condensation 393
pH-induced precipitation 393
Ph-, Nph-, and Ant-PMO films 145
phosphate ion 1348
phosphate materials
– diversity of 1135
phosphate tetrahedra 1121
phosphatidylcholine (PC) 664
– stop band (SB) 938
phospholipid 664
phospholipid head group, interactingwith silica

surface sites 665
phospholipid–silica interfaces
– investigation by 1H–29Si–1H double

cross-polarization 664
phosphonates 235
phosphoric acid (PA) 595, 1082
– doping 1079
– grafted hybrid inorganic–organic

membranes 1081
– groups 1078
photoactive TiO2 coating 924
photobioreactors 641
photocatalysis 445, 463
– key environmental instrument 911
photocatalysts 424, 445, 462, 913, 914, 1031
photocatalytic process 915, 916
– activity 915
– decomposition of gaseous isopropyl

alcohol 361
– degradation 97
– doped TiO2 coatings
–– prepared by sol–gel 920, 921, 922, 923
– efficiency 98
– reactivity of the hierarchically macro/

mesoporous titania 1020
– TiO2 coatings 914
–– chemical vapor deposition (CVD) 914
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–– prepared by sol–gel 915, 916, 917, 918,
919, 920

–– PVD, through ionic bombardment 914
–– sol–gel process 914
photochemical nonlinear optical effects 1261
photochemistry 1042
photochromic camera filters 1252
photochromic decorations 1245
photochromic dyes 1246, 1248, 1249
– in hybrid coatings
–– degradation of 1249
–– dynamic behavior of 1249
photochromic films 1249
photochromic hybrid materials
– applications 1252
photochromic inorganic compounds 1246
photochromic lenses 1252
photochromic materials 1245, 1247
photochromic molecules 1247, 1248, 1249,

1252
– thermal bleaching kinetics of 1251
photochromic sol–gel materials 1245
photochromism 1245, 1246
photocurable films
– sol–gel processing of 170
photocurrent–voltage (J–V) curves
– under simulated AM 1.5G illumination 91
photodegradation 185, 460, 462, 1252
– of a fluorescent substrate coated/uncoated

with protective film
–– UV-vis spectra 1255
– of methyl orange dye 462
photodegradation behavior 1256
photodynamic therapy (PDT) 1317
photoelectrodes 421
photoelectrons 181, 182
photoimprinting technique 714
photoinduced polymerization 365
photoinitiation 178
photoinitiators 169, 176, 178, 182
photoirradiation process 167, 168, 170
– of oxides 170
photoisomerization 175, 176
– of azobenzene molecule 176
photolithography 1046
photoluminescence (PL) 506, 717, 898, 904
– efficiency 615
– spectra
–– of Er-doped planar waveguides 730
– spectra, of hybrid materials 142
Photoluminescence spectra (Er3 I13/24

! I15/24 + transition) 932
photolysis 168, 461

photomask 936
photonic applications
– integrated 1257
photonic band gap (PBG) 1039, 1049
– materials 1253
photonic crystals (PCs) 938, 1032, 1039
photonic effects 1049
photonic materials 1031
photonics 170, 336, 1050
– sol–gel materials 1253
– structures 1037, 1040
photooxidation reactors 445, 1020
photopolymerization 175
photoreduction 175, 1046
photorefractive sol–gel film 1259
photoresponsive hybrids 170
photosensitive ligands 168
photosensitizers 594, 1317
photostability 1251, 1252
photostable metal–organic chromophores

(Pd porphyrins) 955
photosynthetic glasses 1058
photosystem I (PSI) 979
photosystem II (PSII) 979
phototautomeric fluorescence 1290
photovoltaic (PV) cell 940
photovoltaic devices 415
photovoltaic solar energy conversion 1289
pH-responsive cisplatin 1322
pH-responsive core–shell nanodevices 1319
pH-responsive materials 391, 392
pH-responsive polymer 1362
pH-sensitive host–guest interactions 1321
pH-sensitive MSNPs/poly(L-glutamic acid)

nanocarriers 1320
pH sensors 1253, 1413
pH value
– on macroporosity 1018
phyllosilicates 444
p-cymene 456
p-nitrophenol 462
p-type semiconducting metal oxides 421
physical–chemical modifications 166
physical sensor 1173
physical vapor deposition (PVD) 278, 434
Pickering emulsions 76, 80, 83, 345, 348
π-conjugated molecules 141
piezoelectric inkjet (PIJ) technique 1158
piezoelectrics 843
– coefficient 252, 260
– devices 472
– ejection process 305
Pilkington ActivTM Neutral 923
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pillared clays (PILCs) 444
pillar planar nanochannels (PPNs) for

nanofluidics 303
π–π interactions 45, 57, 133, 148, 585
– benzaldehyde molecules 46
– in phenylenebridged silsesquioxanes 135
– in self-organization of organosilicaswith 136
– stacking interactions 141
pink pigment of chromium sphene

(Ca(Cr, Sn)SiO5) 1162
pitting 395
– potential 395
PIXE. See particle induced x-ray emission

(PIXE)
pKa values 1318
planar defect 1040
planar luminescent concentrator
– principle of 1281
planar waveguides 714, 718, 1257
Planck’s constant 1292
plasma-enhanced chemical vapor deposition

(PECVD) 165, 278
plasmocorinth B solution
– photobleaching of 919
plasmon effect 481
plasmonic materials 1031
plasmonic/photonic system 1048
plasmonics 1050
plasmon resonance 1032, 1046
plastic deformations 289
platinum nanoparticles 43, 404, 594
– synergistic catalytic effect of 1427
platinum nanostructured networks (PNNs) 47
Pluronic F-127, 479, 581
– in ethanol 699
Pluronic P123, 581, 802
– single modified triblock copolymer 996
Pluronic P123 (EO20PO70EO20) 996
P(L)ZT capacitors 780
PMMA. See poly (methyl methacrylate)

(PMMA)
P63/mmc structure 694
p6mm symmetry 995
PMOs. See periodic mesoporous organosilicas

(PMOs)
PMSs. See periodic mesoporous silicas (PMSs)
p–n junction 1258
PNIPAM. See poly (N-isopropylacrylamide)

(PNIPAM)
p-nitropheno 402
PNNs. See platinum nanostructured networks

(PNNs)
point of zero charge (PZC) 7

– of Si-OH-containing species 4
polarity 57, 247, 282, 337, 1241, 1248
polarizability 768, 1044
polarization 1036
– conversion 1033
– curves 394
– light microscope 632
– Raman spectra 717
poly (ethylene glycol) 807
poly (propylene glycol) 1102
polyacrylamide 530
– hydrogel 991
polyacrylate 530
poly(acrylic acid) (PAA) 347, 747, 1324,

1405
– gel network 1129
polyacrylonitrile (PAN) 530, 1101
– nanofibers 419
poly(allylamine hydrochloride) (PAH) 363,

1319
poly(1-allylimidazole)-grafted silica 507
polyamines 347, 617, 630
– silaffins-derived biomimetic sequences based

on 628
polyaniline 391
polyaniline (PANi) 417
– nanocomposite membranes 1076
– surface-modified SPEEK composite

membranes 1077
polyanions 124
poly(2,5-benzimidazole) membranes 1078
polybenzimidazoles (PBI) 1077
– modification of SPEEK–ZrP

membrane 1077
polybenzylene 44
polycarbonate 170
polycations 636
polycondensation 5, 19, 76, 135, 185, 212, 297,

298, 319, 459, 713, 898, 1001, 1015, 1035,
1283, 1349. See also condensation

– alkoxides 444, 449, 452
– alkoxysilanes 1102
– irreversible 135
– of 3-OPV 147
– reactions of the hydrolyzed titanates 455
– of Si(OR)4 compounds 450
polycrystalline ceramics 245
polycrystalline semiconducting oxide
– sensing mechanism, schematic 1176
polycyclic aromatic hydrocarbons (PAHs) 406
polycyclopentadiene 530
poly(diallyldimethylammonium chloride)

(PDDA) 404
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poly(2-(diethylamino)ethyl methacrylate)
(PDEAEMA) 1319

poly[2-(dimethylamino) ethyl acrylate]
(PDMAEA) 1319

polydimethylsiloxane (PDMS) 757, 1085
– chip 296
– water interface 84
polydispersion 1047
poly(D,L-lactic acid) (PDLA) 417
polyelectrolyte deposition 76
polyelectrolytes 445
– layer-by-layer adsorption of 349
poly(ϵ-caprolactone) diol 1358
poly(ϵ-caprolactone)(PCL) 417
– hybrids 1358
polyesters 1357
polyetheretherketone (PEEK) 1076, 1077
polyethersulfone (PES) 1077
polyethoxydisiloxane (PEDS) 524
– polyethoxydisiloxane SiOn(OC2H5)4-2n or

PEDS-Px 1389
polyethylene 756, 903
poly(ethylene-co-butylene)-block-poly

(ethylene oxide) copolymer template 1188
poly(3,4-ethylenedioxythiophene)

(PEDOT) 417
– nanofibers 417, 418
polyethylene glycol (PEG) 92, 283, 395, 447,

609, 640, 1082, 1102, 1124, 1220, 1285, 1310
– silane 830
poly(ethylene glycol)-b-poly(ϵ-caprolactone)

(PEG–PCL) 1324
polyethylene glycol chain 1286
poly(ethylene glycol diacrylate)

(PEGMA) 1084
polyethylene glycol dimethacrylate

(PEGDM) 1286
poly(ethylene glycol), dimethacrylate

(PEGDMA) 1102
poly(ethylene glycol) oxide, silica

monoliths 997
poly(ethyleneimine) (PEI) 92
– coated MSNPs 1317
– NIPAM grafted, onto MSNPs encapsulating

iron oxide nanocrystals 1327
polyethylene–clay nanocomposites 454
poly(ethylene oxide) (PEO) 327, 417, 445, 748,

1101
– based electrolytes 1102
– containing photonic nanocomposites 692
– poly(ethylenimine)-b-poly(N-

isopropylacrylamide) (PEI/NIPAM) 1327
– polymer electrolytes 1103

– surfactant air–liquid foams 994
– surfactant assemblies 1001
– surfactant molecules 1010
polyethylenimine (PEI) 405, 798, 851
poly(γ-glutamic acid) (γPGA) 1358
polyglycols 1165
polyhedral oligomeric silsesquioxanes

(POSS) 7, 752
poly(3-hexylthiophene) (P3HT) 417
poly(2-hydroxyethyl methacrylate)–silica

hybrids 894
poly(hydroxylethyl methacrylate) 238
poly(2-hydroxyethyl methacrylate-co-glycidyl

methacrylate) 295
polyimides (PI) 530, 1077
poly(ionic liquid) (PIL)-grafted silica

phases 507
polyisobutylene-block-poly(ethylene oxide)

amphiphilic block copolymer (PBI-b-
PEO) 1100

polyisocyanurate 530
polyketones 531
poly(lactic acid) (PLA) 417
polylactide/polydioxanone matrix 1347
polylysine 347
polymacrocycles 1320
polymer 391, 1357
polymer aerogels 537
polymeric
– materials 317
– membranes 1102
– nanofibers 419
– organic components 112
– solar cells 304
– thin films 1261
polymerizable organic functions 169
polymerizations 79, 101, 125, 169, 176, 177,

283, 319, 335, 336, 635
– of EDOT on FeTos 417
– expected pressure development 979
– interfacial 76
– of organic photocurable groups 170
– phase separation process 807
– of zirconium propoxide 1012
polymerized HIPE (poly-HIPE)-type

interconnected macroporous textures
992

polymer light-emitting diodes (PLEDs) 883
polymer matrix 1259
polymer nanofibers 417
polymer–clay nanocomposites 450, 454
polymer–drug interactions 1320
polymer precipitation 76
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polymer removal
– by calcination 991
polymer-rich domains 421
polymers 73, 388, 1035, 1319
polymethylene derivatives 1320
polymethyl methacrylate (PMMA) 178, 330,

336, 337, 360, 1101, 1286, 1399
– PMMA-co-Sn12Cluster 934
– PMMA-co-Sn12 Cluster-co-LnAA(tta)2phen

hybrid materials 935
– PMMA-co-Sn12 cluster/Ln(tta)3phen
–– mechanism for formation 935
– powder-embedded PAN nanofibers 419
– SiO2/TiO2 hybrid films 1259
poly(N-acryloxysuccinimide) 1324
poly(N-isopropylacrylamide) 347
polynucleation
– of perovskite phase 866
poly(oligo(ethylene glycol) acrylate) 1324
polyols 198
polyoxocations precursors 445
polyoxometalate salt 33
polyoxometallate 7
polyoxyethylene (10) cetyl ether 581
polyoxyethylene (4) lauryl ether 581
polyoxyethylene (10) octylphenyl ether 581
polyoxyethylene (10) stearyl ether 581
polypeptides 636, 1035, 1323
polyphenylene oxide (PPO) 1077
polyphenylenes (PP) 1077
polyphosphoric acid (PPA) 1079
poly (methyl methacrylate) (PMMA) 419
poly (N-isopropylacrylamide) (PNIPAM) 1327
– polylactide microsphere 76
– thermosensitive PNIPAM–silica

nanocapsules 76
polypropylene 802, 903
polypropylene glycols 1167
poly(propylene imine) (PPI) dendrimers 1326
polypropylene plates 1218
polypropylene/SiO2 nanocomposites 238
poly (styrene-b-2-vinylpyridine-b-ethylene

oxide) (PS–PVP–PEO) 348
poly (styrene sulfonate) (PSS) 1319
polypyrrole (PPy) 392
– epoxy coating doped with 1377
– nanotubes 433
– silica composite films 391
polysaccharide (pullulan) 454, 614, 635, 636
polysiloxanes 620, 1080
polysilsesquioxane membranes 899
– three-dimensional cross-linked 1081
polystyrene (PS) 474, 480, 530, 989, 1349, 1405

– colloid particles 990
– latex preparation 1373
– particles 346
– production 1372
– sphere, preparation conditions 1373
– spheres, monodisperse colloidal suspension

of 947
– template
–– formation of hollow silica spheres 349
–– one-step silica coating of 349
polysulfones (PSF) 1076
polysulfones, sulfonation of 1077
polytetrafluoroethylene (PTFE) 1061
(poly)titanium hydroxo/oxo species 55
polyurethane (PU) 530, 756, 1286, 1355,

1399
– chemistry 520
polyvinyl acetate 421
polyvinyl alcohol (PVA) 253, 262, 419, 476,

1084, 1356
polyvinyl alcohol dialdehyde 530
polyvinyl butyral 1356
polyvinyl chloride (PVC) 1101
polyvinylidene fluoride (PVdF) 1101
poly[(vinylidene fluoride)-co-

hexafluoropropylene] (poly(VDF-co-HFP))
copolymer network 1083

poly(vinylidene fluoride-ter-perfluoro(4-
methyl-3,6-dioxaoct-7-ene sulfonyl
fluoride)-ter-vinyltriethoxysilane) (poly
(VDF-ter-PFSVE-ter-VTEOS)) 1083

poly(4-vinyl pyridine) (PVP) 1318
poly(vinylpyrrolidone) (PVP) 350, 417, 474,

851, 1098, 1130, 1372
– silica composite nanotubes 430
polyvinylsilazane (PVSZ) 296
porcelain insulators, traditional 1146
porcelain stoneware
– thermal range 1155
pore compositions 586
pore control
– for extended possibility in thermal

insulation 753
pore diameters 590, 1352
pore geometry 586
pore network 1362
pore sizes 74, 122, 126, 320, 322, 335, 445, 449,

575, 586, 590, 611, 615, 666, 747, 754, 1038,
1239, 1352, 1354, 1390, 1392, 1394

– distribution 129, 576, 1037, 1393
– distribution curve of a typical hierarchically

porous silica gel 749
pore structures 129, 1046, 1050, 1247, 1248
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pore surfaces
– showing surface anchoring properties of LC

molecules 1242
pore volume 611
pore walls 591, 592, 593
Porod law 703
porogen mechanism 1002
porogen molecules
– in liquid 1002
porogens 988, 1014
porogens assemble 1002
porosity 61, 92, 109, 123, 127, 129, 257, 289,

298, 317, 320, 324, 421, 444, 445, 448, 459,
617, 714, 718, 746, 748, 1041, 1049, 1239,
1241, 1253, 1355, 1421

– of sol–gel materials 665
porous clay heterostructures (PCHs) 444
porous clay nanoarchitectures using sol–gel

approaches 444
porous coordination polymers (PCPs) 471
porous copper substrate 406
porous hydrogen silsesquioxane

monoliths 758
porous material 1032
porous metals 1345
porous microstructure 1414
porous nanoarchitectures, from delaminated

clays 450
porous scaffolds 1358
porous SiC materials 197
porous silica monoliths
– additional mesopore formation by aging 748
– applications 751
– hierarchically porous monoliths 749
– supramolecular templating of

mesopores 750
– typical synthesis conditions 747
porous silica–clay nanoarchitectures 451
porous SiO2 sol–gel film 1187
porous structures 124, 799
porous TiO2 coatings
– photocatalytic activity of 918
porous TiO2 thin films
– sol–gel approach 1190
porphyrin PMOs 968
POSS. See polyhedral oligomeric

silsesquioxanes (POSS)
postsynthetic grafting 796
– efficiency of 583
postthermal treatment 1035
potentiometric 1416
powder x-ray diffraction (XRD) 475
powdery precipitates 246

power generation device technologies 559
PPy. See polypyrrole (PPy)
PPy nanotube arrays 433
praseodymium oxide 776
precipitation 11, 13, 52, 636, 1346
precursors 1416
– nanomaterial 1416
precursor–surfactant interactions 505
prepared mesoporous organosilicas

(PMOs) 968
presynthesized nanomaterials
– dispersed in matrix precursor solution 1416
4,4´-biphenylenebridged PMO (BPh-

PMO) 590, 594, 595
4,4´-biphenylene-bridged silsesquioxane 145
[2,2´-bipyridyl]-3,3´-diol (BP(OH)(2)) 979
primorphs 615
pristine silicates. 454
PRODAN dye 337
prodrug 1326
profilometry 380
ex situ profilometry 380
prolinamide scaffold 977
1,3-propanediol 255, 778
propane-1,2-diol-modified silanes 997
propanol 282
n-propanol 724
2-propanol 148, 482
propylene carbonate 505
propylene oxide 529
propyltrimethoxysilane (PrTMS) 389
protamine 624
protective coatings 471
proteins 394, 400, 403, 610, 624
– adsorption 1349
– protein A 1314
– silica gel 634
proteoglycan molecules 1346
protolytic catalysis 198
protolytic reactions 201
protonation 592
– of alkoxide ligands 319
proton-conducting materials 1085
proton conduction behavior 263
proton conductivities 1009, 1078, 1080, 1081,

1093
– properties 1080
proton conductors 1091
– high-temperature 1091
proton exchange membrane (PEM)
– methanol fuel cell technologies 1073
– poly ether sulfone-based

nanocomposite 1078
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proton exchange membrane fuel cells
(PEMFC) 1071

protonic ionic liquid (PIL)/poly(styrene-co-
acrylonitrile)/silica hybrid PEMs 1082

proton transport pathways 1074
PS. See polystyrene (PS)
pseudomonas aeruginosa 1353
pseudomonas putida 1242
pseudomorphic synthesis
– of porous silica spheres 126
pseudorotaxanes 1331, 1333
pseudo-steady-state growth of ice crystals 992
PSMA–silica hybrid material 1082
PSSA–PWA composite membrane 1083
Pt-based nanotube fabrication process 433
Pt-coated silicon substrate 869
Pt-coated silicon substrates 866
Pt nanoparticles 44, 386
– electrocatalytically induced sol–gel

electrodeposition on 387
Pt–SnO2 nanofibers 425
Pt–SnO2/RGO sensor 44
Pt–TiO2 nanofibers 425
Pt–WO3 nanofibers 425
Pt/TiO2 composites 1193
pulsed laser deposition technique 734
pulse field gradient (PFG)-NMR methods 666
pulse voltammetry 1416
pure silica
– formulations 747
purification treatment 83
purple of Cassius 1146
putrescine 629
PVD. See physical vapor deposition (PVD)
PVP. See poly(vinylpyrrolidone) (PVP)
pyrene (Py) 893, 978, 1328
1-pyrenebutanoic acid and succinimidyl ester

(PBASE) 427
pyridine 417
– functionalized silane films 399
pyridinium 490
pyridinium dichromate 973
pyrimidine-5-carbaldehyde 134
5-pyrimidyl alkanol 134
pyroelectric coefficients 251, 863
pyrolysis 767, 1417
PZT. See lead titanate zirconate (PZT)

q
QCM. See quartz crystal microbalance (QCM)
Q-dots 1043, 1047
QDs. See quantum dots (QDs)
QRE. See quasi-reference electrode (QRE)

Q-switched Nd:YAG laser 736
quality factor (Qf) values 258
quantitative emission measurements 594
quantum confinement effect 1046
quantum dots (QDs) 640, 714, 732, 888, 931
– doped hybrids 889
– in sol–gel films for NLO effects 736, 739
quantum electronics 1262
quartz (SiO2) 714, 1146
quartz cells 736
quartz crystal microbalance (QCM) 1174
quartzel fibers 98
quasi-reference electrode (QRE) 374
quasi-sol–gel methodology 1154
quasi-spherical CdS NPs 1047
quaternary ammonium surfactant 575
quaternized aminosilane 131
quenching 726

r
radial diffusion 398
radiation promoted sol–gel reaction 1082
radiolaria 605
– frustules 638
radiotherapy 1346
Raman intensity
– thiopyridine 1049
Raman scattering 745
Raman spectra 548, 713, 717, 1376
– crystallization in sol–gel-derived films 719
– of ormosils 727, 728
– 70SiO2–30SnO2 glass–ceramic waveguide

sample 722
– SnO2:SiO2 with two different erbium

contents 722
random lasers 949, 1262
random lasing action 951
Raoult law 287
rapid drying 1088
rapid supercritical extraction process

(RSCE) 545
rapid thermal processing (RTP) system 775
rarchically structured porous materials
– surfactant templating, formation mechanism
–– porogen mechanism 1011
rare earth (RE)
– alkoxides 45
– doped cobalt ferrite monocrystalline

films 1259
– energy transitions, diagram of 1297
– luminescence of 1293
–– efficiency 1294
rational design 625
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– block copolypeptides 626
– elementary units 627
– homopolymers 625
– self-assembled peptides 625
γ�ray irradiation 184
Rayleigh extinction 1044
Rayleigh instability 60
Rayleigh scattering 1395
– intensity 553
R-chymotrypsin solution 364
RE. See rare earth (RE)
reaction limitation 19
reaction-limited cluster aggregation (RLCA)

mechanism 493, 686, 687
realkoxylation 197
rechargeable lithium batteries 1096
recombine emitting photons 883
redox reaction
– leading to an electrochromic effect

1245
redshift 1040
reduction of oxygen 1095
reflection-relevant parameters 1033
reflective coatings 1258
reflective materials 1258
reflectivity 1033
refraction 1032
refractive index 169, 170, 174, 175, 176, 289,

299, 331, 617, 714, 1032, 1033, 1036, 1039,
1040, 1042, 1044, 1047, 1050, 1240, 1241,
1252, 1257, 1389

– of nanoporous silica films 1259
– of SiO2–TiO2 hybrid films 1259
regenerated cellulose 991
relative humidity (RH) 285, 695
relative vapor pressures 287, 291
relaxation times 1261
relaxor-based systems 871
remanent magnetization 817
remote control model 971
replica-casting method 953
resistance/capacitance values
– circuit of 1382
– evolution of 1381
resonance signal 657
resonant plasma oscillation 1043
resonators 259
resorcinol 1427
resorcinol-formaldehyde (RF)
– gels 530, 531
– silica aerogels 520
– silicate sol 1417
retention effect 1311

reverse mesa waveguide cross section
– microscopic image of 936
reversible grafting protocol 762
reversible magnetic field-responsive

DDSs 1331
Reynolds numbers 306
RF. See resorcinol-formaldehyde (RF)
RGO–BiOCl hybrids 44
[Rh (cod)Cl]2 complex 970
RhCl[P(C6H5)3]3 972
Rh2Co2(CO)12@alumina 965
Rh2Co2(CO)12@silica 965
rheology 279, 288
rhodamine 82
rhodamine B (RhB) 80, 81, 900, 947
– emission 1299
– molecules 948
rhodamine 6G (Rh6G) 889, 929, 946
– containing diureasil OIH 950
– containing OIH 947
– dye 1262
– one- and two-photon spectroscopy 949
– Rh6G-SiO2 1262
– in silica–titania 947
– in sol–gel-derived silica 930
Rietveld method 46
ripening 24
RLCA mechanism. See reaction-limited cluster

aggregation (RLCA) mechanism
RMIT synthesized nanocrystalline thin

films 1190
robustness
– assessment, of these materials 1403
– evaluation 1403
rocking chair cell 1096
roll-to-roll (R2R) process 304
– coating techniques 278, 304
room-temperature ionic liquids (RTILs) 90,

1430
rotational echo double resonance (REDOR)

sequence 654
R5 peptide 630
RSCE. See rapid supercritical extraction process

(RSCE)
R/S-Naproxen methyl ester
– kinetic resolution of 980
R/Si ratio 1249
RTP system. See rapid thermal processing

(RTP) system
Ru(II) polypyridyl complex 595
RuO2–Mn3O4 nanofibers 424
ruthenium 592
ruthenium(II) polypyridyl complex 594
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ruthenium purple-modified gold
microelectrode 403

Rutherford backscattering spectroscopy
(RBS) 863, 1355

rutile 912
– crystalline phases 175

s
Saccharomyces cerevisiae 637
samarium-doped ceria (SDC) electrolyte

1094
SAMs 277. See self-assembled monolayers

(SAMs)
sandwich-type arrangement 144
Santa Barbara amorphous (SBA) 576
Santocel 520
saponites 444, 447
satellite 1260
saturation magnetization 819
Saxon glass 1145
SAXS. See small-angle x-ray scattering (SAXS)
scaffold-like nanoparticle assembly 1010
scalloped depression pattern
– optical microscopy images 1014
Scandia-stabilized cubic zirconia (ScSZ) 1088
scanning electrochemical
– microscopy (SECM) 379
scanning electron micrographs
– grain structure and densification 254
scanning electron microscopy (SEM) 249, 253,

380, 547
– of Al circuit printed on Si 386
– of Au NPs/SiO2 composite films

electrodeposited 394
– carbon nanotube coated by vanadium

oxide 43
– CeMo nanocontainers 1373
– of channel waveguides made by UV

curing 725
– Co-embedded carbon nanofiber 425
– of electrodeposited Au NPs/SiO2 composite

film 393
– of film 1044
– of hybrid 185
– meso–macroporous AZ oxides 1007
– micrographs of the silica spheres 229
– of monolith after reduction 760
– morphology
–– of pectin–silica hybrid aerogel (EMPA) 534
– of N1 and A1 powders 266
– particle-based mesoporous titania film 62
– of a patterned ormosil film 729
– photographs

–– nanoscale surfaces of silica-based sol–gel
monoliths 325

– picture of paraffin 46–48@SiO2 78
– polypyrrole/silica composite films

electrodeposited at 392
– of samples sintered at 1100 °C. 267
– sub-10 nm EBL patterned grid 180
– surface images
–– Ca-modified PbTiO3 thin films 861
–– of Pb(Zr, Ti)O3 thin films 862
– surface of a silica–carbon nanotube
–– nanocomposite bulk electrode 1419
– Tb-doped zirconia supercrystal 58
– thermally treated TiO2 fibers 98
– visualization
–– inorganic monolith-type material

macrostructure. 102
scanning vibrating electrode technique (SVET)

methods 1379
scattering effects 318
scattering intensity function 676
SCD. See supercritical drying (SCD)
Scherrer equation 730, 733, 734
Schottky barrier 1175
Schottky diode configuration 1178
– sensors fabricated 1178
Sc-CO2-dried aerogel 339
Sc2O3–ZrO2 (ScSZ) 1089
SCPAs. See short-chain polyamines (SCPAs)
scratch resistance
– of coating 1215
– deterioration properties 1214
– silica nanoreinforcement 1214
secondary electrons 166
secondary ion mass spectroscopy (SIMS)

sputtering 389
sedimentation 455, 609
– aggregation technique 990
SEISA. See solvent evaporation-induced

self-assembly (SEISA)
selectivity 1413
– condensation 171
– membranes 1031
– sensors 277
– wavelength filters 1032
self-aggregation of ZrO2 nanoparticles 1013
self-assembled molecular 71
self-assembled organosilicas 128
self-assembling block copolymers 992
self-assembly processes 580
self-cleaning 277
self-directed assembl 148
self-formation phenomenon
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– key features 999
– mechanism 1002
– using cosolvents 1018
self-healing application 1372
self-healing coatings 1371
– multifunctional coatings 1379, 1380, 1382,

1383, 1384
– nanoparticles/nanocontainers,

production 1372
–– distribution 1377
–– epoxy coatings 1377
–– magnesium substrates 1377
–– polystyrene route 1372
–– synergy effect 1379
–– water/chloride traps 1376
– overview of 1371
self-healing material, defined 1371
self-assembled nanostructures 874
self-cleaning photocatalytic activity films, of

SiO2–TiO2 1258
self-templated methods 350
semiconducting metal oxides
– n-type 421
semiconductors 165, 732, 842, 1039, 1049
– crystallites 1261
– materials 1032
– nanoparticles 184, 185, 714, 1046
– particles 1261
– quantum crystallites (Q-dots) 1046
– quantum size effects in 1042
semi-interpenetrating polymer network

(semi-IPN) 1083
semi-IPN structure 1083
semi-liquid crystal 578
seminaphthorhodamine-1 carboxylate

dye 1254
semiporous monolith 324
semisupercritical drying 331
semitranslucent solutions 1400
sensitivity 1174, 1413
– of 17O nuclear spins 658
sensitized triplet–triplet annihilations 955
sensors 114, 398, 789, 800, 841, 1042, 1176,

1253, 1260, 1413, 1415, 1426
– analysis 1415
– applications 1413, 1414
– dye lasers 945
– solution interface 1415
sepiolite 457, 458, 462, 463
– fibers 457, 458, 459, 460, 464
serine proteases 620
SG-1-catalyzed disproportionation reactions
– kinetics of 968

shell thickness 78
shielding effect 461
shock absorbers 1386
Shockley–Queisser calculations 1289
short-chain amines 629
short-chain polyamines (SCPAs) 629
shrinkage 4, 24, 25, 992
Si-O-M bonds 791
Si-O-Si bonds 153
Si-O-Ti bond 796
Si-O-Ti bridges 793
Si-O-Ti linkages 791
SiC conduction band 915
SiC materials
– SEM/TEM images 991
SiC valence band 915
29Si-enriched organoalkoxysilanes 659
σ–π interaction 135
signal-to-noise ratio 655
29Si isotropic chemical shift values 658
silaffins 615, 618, 624
– matrix hypothesis 620
– structure 618
silanes 389, 1058
– BSTE (bis(triethoxysilyl)ethane) 1059
– carbon nanotube (CNT) 386
–– composite films 387
– coupling agents 235, 746
– deposition solution 396
– sol–gel film bonded
–– two-dimensional schematic

representation 1060
silanolate 130
silanols 4, 168, 475, 663
– concentration 231
– groups 230
– number 231
– polycondensation 172
SILAR process 1043
SiliaCat DPPPd (phenylphosphine-complexed

Pd) 982
SiliaCat family of commercial catalysts 982
SiliaCat series of organosilica-entrapped metal

nanoparticles 1064
SiliaCat TEMPO 981, 1065
silica 391, 634, 635
– shell microcapsules 76
silica aerogels 1388, 1389, 1397
– preparative steps needed for 522
– properties of 1392
–– acoustic 1396
–– mass density 1392
–– optical 1395
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–– optical properties 1396
–– porosity 1392
–– thermal conductivity 1393, 1395
– relationship between pore gas pressure and

thermal conductivity 754
– safety aspects and fire behavior 1396
– transmittance of 1395
silica alkoxides 168
silica/alumina nanoarchitectures 456
silica/alumina–montmorillonite

nanoarchitectures 455
silica/alumina–sepiolite

nanoarchitectures 459
silica and Si-based inorganic gels 745
silica and silicate-based nanoarchitectures 443
silica-based aerogels
– synthesized with different catalysts and 523
silica-based nanoarchitectures 455
silica-based PCHs 447
silica-based photobioreactors 1067
silica-based sol–gel films
– micrometer-sized patterns of 388
silica–clay nanoarchitectures 452
silica coating 1221
– NaYF4 944
– PS particles 349
– TEM images 950
– titania titania 949
silica condensation 84, 354, 638
silica density 617
silica deposit in higher plants 610
silica formation, and morphogenesis

control 628
silica/gelatin hybrids 1358
silica gel microhoneycombs (SMHs)
– freeze-drying of 992
silica gels 521
silica glass matrices (SiO2) 1222
silica hydrogel 1390
silica-based monoliths 324
silica-based sol–gel monoliths 324
silica inverse opal
– scanning electron microscopy images 946
silica ionogels 488, 491
silica/iron(III) composite gels 1413
silica/liposome interface 664
silica macroporous scaffolds 994
silica–MOF composites 474
silica monoliths
– by one-step catalyst procedure 327, 328
– by two-step catalyst procedure 328, 329
silica monomers 1420
silica morphology

– control of 620
silica/Nafion composite membrane 1074
silica/Nafion electrolyte 1074
silica/Nafion membranes 1074
silica nanoparticles 236, 505, 610, 951, 996,

1212, 1350, 1362
– advantage of 239
– in’situ formation of 1217
– in sol–gel coatings 1209
– surface modification of 235
– synthesis of 228
silica nanospheres 356
silica nanotubes 430
silica nanowires 383
silica–calcium/chitosan 1360
silica–calcium–phosphate–PCL 1360
silica–calcium/γPGA 1360
silica–calcium/PVA 1360
silica–clay nanoarchitectures 453, 454
silica–collagen composite materials 632
silica–iron oxide PILCs 445
silica–montmorillonite nanoarchitectures 453
silica–organoclay nanocomposites 452
– formation 452
silica–protein composite materials 634
silica–sepiolite nanoarchitectures 459
silica–silicate-based porous materials 453
silica–surfactant interface 125
silica–titania pillared clays 445
silica–zirconia matrix 1259
silica network 614
silica particles formation
– time-dependent evolution 689
silica/polymer coatings 360
silica precursor (TEOS) 947
– proportion 584
silica SBA-15 materials 996
silica shells 605, 615
silica sintering 614
silica skeleton of the composite glass 335
silica sol–gel coatings
– chemophysical properties of 174
silica sol–gel matrix 964, 970
silica spheres
– preparation of 937
silica structures 614
– in situ formation of 238
silica-supported titania 790
silica–surfactant mesostructured
– composite shell 351
silicate-based oxide 713
silicate fiber 458
silicateins 614, 620, 624, 631, 638
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– derived biomimetic sequences 624
silicate–surfactant hybrid mesophase 578
silicate polyions
– multidentate binding of 578
silicate polymerization 578
silicates 457, 460
– sol–gel chemistry 685
– yields 578
silicates (water glass) 4, 215
silica tetrahedra 168, 1350
silica–titania aerogels 793
silica/titania/cobalt ferrite 1259
silica-titania mixed oxides 790, 799, 807
silica–titania powders 808
silica–titania thin films 1253
silica xerogel monoliths
– methods of preparation 327
silicic acid 196, 609, 633, 634, 1360
– esters 195, 201
silicification 610, 614, 637
– artificial 641
– of living cells 637
silicified spicules 612, 613
silicon 11
– CP/MAS spectroscopy analysis 1220
– nanoparticles 615
– nuclear magnetic resonance 903
– organic–inorganic hybrids 746
– photovoltaic cells 945
– systems 690
silicon alkoxides 4, 7, 12, 13, 14, 19, 167, 196,

200, 450, 455, 458, 633, 691, 1360, 1389, 1418
– simple 196
– sol–gel process 331
silicon atom 582
silicon-based sol–gel process 232
silico–alumina nanoarchitectures 456
silicon dioxide 263, 745
silicone-based Intersleek 700, 1062
silicone rubber 757
silicones 196
silicon glycolates 198
Silicon hybrids 1295
Silicon inorganic 1295
silicon wafers 289
silk fibroin (SF) 952
– films FEG–SEM images of 953
– grating DFB laser behavior 954
siloxane 4
– -based hybrids 889, 902
–– materials 657
–– organic–inorganic materials 1285
– -based materials 1080, 1284

– -based organic–inorganic hybrids
–– advantages 888
– bonds 521
– bridges 719
– clusters 692
– hybrid precursors 890
– nanodomain size 692
– skeleton 888
silsesquioxanes 899, 903
– based hybrid materials 899
– cores 893
– hybrids 889
– hydrolysis–polycondensation of 143
– self-assembled 898
silver-containing antibacterial glass 1353
silver ions 624, 1048, 1353
silver nanoparticles 172, 184, 728, 952, 1418
– SPR band 1045
silver nitrate 431, 625, 1418
– ormosil sol–gel solution 1298
silver particles 624
silver plasmons
– energy transfer 1299
silver printed PET electrodes 386
silver/silica nanocomposites 730
silylated bipyridine ligand 938
silylated melamine 139
silylated precursors 891
silylated ureidopyrimidinone 139
– dimers, solid-state structure 140
[Si]-MSU-X mesoporous silicas 996
simulated body fluid (SBF) 634
single-cell tests 1075
single crystal of Si(OEt)3-ImPV
– crystal structure recorded on 151
single-crystal Si wafers 714
single-layer AR coating 360
single oxide ceramics, pure and doped 249
single-phosphor-converted blue LED

device 887
single templating method 995
single-walled carbon nanotubes

(SWCNTs) 405, 886, 1221
sintering 265, 317, 1354
– behavior 265, 269
– temperature 252, 255, 258, 259, 260
SiO2 and SiO2–TiO2–Al2O3 multicolor

dichroic filters
– fabrication of 1256
SiO2 coating 924, 1209
– sol–gel process 915
SiO2, fabrication 1257
SiO2-based porous films 1258
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SiO2-[Eu(tta)3(bpy-Si)] 938
SiO2-TiO2–sepiolite systems 461
SiO2/ITO particles 1258
SiO2 matrices 1261
– metal oxide NPs 1188
SiO2 nanoparticles 1075
SiO2–SnO2 System Glass Films 721
SiO2–TiO2 coatings 175
SiO2–TiO2 composite 1257
SiO2–TiO2 multilayers 1258
SiO2–TiO2 stacking multilayers, transmission

spectra 1040
SiO2–ZrO2-PVP film 1258
SiO2 optical gas sensors 1187
SiO2 porous sol–gel films 1187
SiO2–P2O5–ZrO2 system 1085
Si-O-Si bond angle 526
50SiO2: 50Ta2O5

– HRTEM images 933
70SiO2 :30Ta2O5, and (c) 50SiO2 : 50Ta2O5

– HRTEM images 933
90SiO2: : 10Ta2O5

– HRTEM images 933
SiO2–TiO2/ZrO2/HfO2 glassy films 719
SiO2 xerogel
– doped with hydrogen peroxide 1065
Si-PHEMA hybrids 894
Si-phenylenevinylenediimide 889, 890
siRNAs 640, 1315
29Si solid-state NMR 610
Si/Ti binary oxides 796, 799
Si:Ti ratio 797, 808
Si/Ti single-source precursors 795
Si wafers 294
size-tunable monodispersed crystalline Cu2O

microspheres 1261
size pores 1035
skin regeneration 1347
sleep disruption-related diseases 884
slow thermal (ST) treatments 1038
small- and wide-angle X-ray scattering

(SWAXS) 489
small-angle x-ray scattering (SAXS) 127, 548,

673, 749
– data analysis 676
– experiments 684, 685
– form factor function 675, 676, 677
– images 1043
– LiOH-catalyzed ZnO formation 703
– measurements 1049
– mesostructured silica 693
–– block copolymer-templated mesoporous

silica 696

–– CTAB-templated mesoporous silica 693,
694, 695, 696, 697

– patterns
–– two- and one-dimensional 695
– polydisperse systems 683, 684
– in situ 53
– on sol–gel powders 674
– sol–gel systems, in-situ studies 685
–– acid-catalyzed reactions of (organo)

silica 686, 687, 688
–– mixed hybrid organic–inorganic

systems 691, 692
–– mixed metal oxide–(organo)silica

systems 689, 690
–– (organo)silica, base-catalyzed reactions

of 688, 689
–– silica/organically modified silica 685, 686
– structure factor function 677, 678
–– correlated systems 678, 681, 682
–– mass fractal structure functions 682, 683
– theory of 674, 675
– tin oxide/hydrous iron oxide (FeOOH) 703
– titania/titanates 697
–– precursor films/mesostructures 699, 700
–– sol–gel Ti(IV) precursor processing 697,

698, 699
– XRD and electron microscopy 704
– zirconia/zirconates 700
–– sol–gel processing of 702, 703
–– sol–gel Zr(IV) precursor processing 701,

702
small SnO2 nanograins 423
small transparent (although blurred) aerogel

samples 1402
smart windows 277
smectite clays 450
smectites 444
SN2 attack on the silicon center 197
SN1 mechanism 55
Sn(OAc)4/PVAc composite fibers 423
SnO2 hollow spheres 362
SnO2-TiO2–palygorskite

nanoarchitectures 462
SnO2 nanocrystals 721
– size 723
SnO2 nanoparticles 61, 430
SnO2 nanotubes 434
SnO2–Pt IO films
– for CO gas sensors 1189
SnO2/RGO composites 43
SnO2/RGO nanocomposite 44
SN1 reaction 56
SN2 reaction 609
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sodium cetyl stearyl sulfate 132
sodium cobalt oxide 248
sodium dodecyl sulfate (SDS) 78, 132, 420, 447
sodium oxide flux 1350
sodium polystyrene sulfonate (PSS) 363
sodium silicate (Na2SiO3) 4, 196, 198, 458,

633, 1390
– solution 349
sodium tungstate (Na2WO4) solution 1194
SOFC. See solid oxide fuel cell (SOFC)
soft chemistry synthesis 1097
soft template method 348
– matter 165, 579
– schematic representation of 996
soft tissue regeneration 1347
soft X-ray lithography 166, 184, 185
solar absorbance 1402
solar absorbers 1256, 1257
– coating, high-quality 1256
solar cells 61, 141, 1020, 1032, 1258
solar coatings 1257
solar collectors 1256
solar energy 911, 954, 1281
– storage 978
solar facades 1256
solar factor (g-value, solar heat gain coefficient

(SHGC)) 1402
solar light, catalytic conversion of 978
solar material protection factor 1402
solar photovoltaics 1385
solar radiation glazing factors 1402
solar reflectance 1402
solar skin protection factor 1402
solar spectrum 920
solar transmittance 1402
sol emulsification 247
sol-gel process 487, 1049, 1176, 1389
– acetylacetonate method 1091
– advantages 317, 790
– Al2O3-based gas sensor 1177
– alumina 1257
– alumina monolith 326
– amorphous systems 745
– anatase matrix 1192
– applying 231
– AR coatings 1258
– based magnetic nanosensor 1260
– based magneto-optical device
–– for NANOSAT Space Mission 1260
– bioactive glasses 1352
– biomimetic systems 621
– carbon nanotube–ceramic composite
–– bulk electrodes 1425

– catalysts, for fine chemicals 1063, 1064,
1065, 1066

– CeO2–TiO2 film 1177
– ceramic layer
–– mechanical protection 1208
– chemistry 71, 121, 631, 952, 1049, 1414
–– nonhydrolytic 49
– coatings 166, 174, 373, 1239
– delivery vehicles 1346
– deposition process in feedback mode 387
– derived materials 575
– derived silica additives 1077
– derived silica films 718
– derived silica particles 239
– derived SPEEK–TiO2 hybrid

membranes 1077
– entrapment 1065
–– biological products 1068
–– Rh complex 976
– films 165, 391, 393, 403, 713
–– thickness, variation 381
– foaming process 1357
–– porous 1355
– glasses 1350
–– scaffolds 1355
–– synthesis 1360
– Google–Academic search tool for 1163
– hybrid films 390
– hybrid materials 1285, 1347
–– for optics 1239
–– scaffolds 1356, 1360
– hydrolysis 127
– indium oxide 1181
– in ionic liquids 489
– magnetic materials 815 (See also gel

processing; magnetic materials, sol–814
–– schematic representation 814
– materials 950, 969, 1346, 1347
–– surface chemical functionalization 475
– matrices
–– organometallic catalysts, entrapment

974
–– for stereoselectivity 969
– methods 247, 713, 1034, 1091, 1093, 1120,

1177, 1282
– monolith fabrication process 322
– monoliths 322, 324
–– fabrication, principles 319
– nanocomposites 1414, 1416, 1418, 1420
–– application in electrochemical

sensors 1424
–– basic structure 1414
–– cosynthesis of 1417
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–– metallic nanoparticles dispersed in
sol–gel nanocomposites 1417

–– electrochemical performance of 1422
–– for electrochemical sensor

applications 1415
–– electrochemical sensors 1430
–– films 718
–– sensors 1414, 1426, 1427
– nanosensor 1260
– NiO film 1185
– OIH materials 930
– optical, sensors 1253
– oxygen sensors
–– high-performance 1187
– particles 1355
–– mesoporous 1347
– photobioreactors 1066, 1067
– polymer nanocomposite 237
– porous TiO2 coatings
–– photocatalytic activity of 917
– precursors/solutions 382, 844
–– electroceramic materials 842
–– for special applications 215
– preparation of silica films
–– flowchart 715
– procedures 1350
– process 22, 228, 375, 714, 1158, 1239, 1261,

1282, 1346, 1350, 1351, 1354, 1389
–– aqueous 1159
–– colloidal 1159
–– for inkjet 1163
–– polymeric gel/nonaqueous 1159
– products 1068
– reaction of metal alkoxides 346
– route 1207
– schematic representation 1123
– silica-based glasses 1067
– silica coatings 1209, 1221, 1222
–– CNTs, aligned 1224
–– CNTs, coating 1224
–– CNTs, disentanglement 1223, 1224
–– CNTs, incorporation of 1223
––CNTs, silica development 1224, 1225, 1226
–– by infiltration 1226, 1227

–– pH effect 1215
–– Si-O-Si bonds 1215
– silica coatings, nanofiber-reinforced 1221,

1222
–– bonds formation 1222
– silica coatings, reinforcing
–– hardness values 1216
–– hybrid silica coatings 1214
–– impact residual impressions of 1219

–– indentation modulus and hardness
values 1212

–– with layered silicates 1218, 1219, 1220,
1221

–– for mechanical improvement 1208, 1209
–– with modified particles/in situ formed

particles 1216
–– with modified particles/in situ formed

particles 1217, 1218
–– multilayered sol–gel silica coating

systems 1212
––with particles 1209, 1210, 1211, 1212, 1213
––with unmodified particles 1213, 1214, 1215
– silica coatings. see ceramic coatings 1207
– silica films 1208
– silica nanoparticles 238
– SnO2 film 1188
– solutions 978, 1224
– surfactant dispersion 75
– synthesis 1038, 1101, 1190, 1413
– system 375
– techniques 827, 1120, 1148, 1191
– technology 195, 333, 668, 1067, 1244, 1261
– of tetrakis(2-hydroxyethyl)orthosilicate

and 807
– TiO2 1192
– transition 452, 456, 459, 463, 746, 747, 1035,

1354, 1356, 1362
– WO3 film 1194
– ZnO films 1194, 1195
solid electrode 1420
solidification 279
solid nanoparticles 1389
solid oxide fuel cell (SOFC) 265, 1071, 1086
– cathodes, synthesis of 1095
– cell 1093
– cell electrolytes, based on proton

conductor 1092
– materials, conventional solid-phase reaction

method 1087
– solid oxide electrolyte 1088
– stack 1094
solid-phase microextraction (SPME) 394, 405
solid polymer electrolytes (SPEs) 1101
solid-state atomic diffusion 1123
solid-state gas sensors 1173
solid-state lighting (SSL) 883
– performance 884
– technologies 884, 888, 905, 906
solid-state NMR (nuclear magnetic resonance)

techniques 548, 612, 654, 668, 1351
– improvement in 656
– proton 1352
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– spectroscopy 653, 654
solid-state quenching 147
solid-state semiconductors 883
solid-to-liquid transition 76
solketal synthesis 457
sol–gel methods (SGMs) 929
solubility 322, 635, 1252, 1357, 1360
– phase diagram 322
– value 609
soluble peroxide complexes 196
soluble silica 1348
solution aging 282
solution chemistry 859
solution-derived thin films
– effect of firing atmosphere 865
– electroceramic, challenges for 872
solution-to-gel transition 1079
solvation 852
solvent-controlled synthesis 33
– acetophenone route 38
– benzyl alcohol route 33, 37
– benzylamine route 39
– carboxylic acid route 39
– ether route 37
– tert-butyl alcohol route 37
solvent evaporation 278, 1035
solvent evaporation-induced self-assembly

(SEISA) 790
solvent–ligand interactions 57
sol viscosity 167
solvolysis 903
sonication-assisted sol–gel intercalation

technique 450
sorbitol 198
Spanish Space Agency INTA (Instituto

Nacional de Técnica Aeroespacial) 824,
1260

spanning cluster 19
spark plasma sintering (SPS) 112
spatiotemporal synchronization 480
specific absorption rate (SAR) 833
specific linear and nonlinear optical

properties 317
specific loss power (SLP) 833
specific surface area (SBET) 454
SPEEK. See sulfonated poly(etheretherketone)

(SPEEK)
spermidine 629
spermine 629
SPES–inorganic nanocomposite

membranes 1078
SPES–TiO2 composite membranes 1078
spherical micelles 578

spherical particles 821, 1046
spherical pores 1355
sphericity 1047
spherosilicate 7
spin casting 61
spin coating 279, 289, 376, 739, 767, 853, 1176
– advantages and drawbacks 294, 295
– critical examples of films prepared by 295,

296
– fundamentals 290, 293
– generalities on 289, 290
spinel-and hematite-based pigments 1155
spinel Li4Ti5O12 1097
– electrodes 1097
– synthesis of 1097
spinel MgAl2O4 1155
spinel pink pigment 1161
spinning rates 1034
spinning time 293
spin polarization 665
spin velocity 1033
SPIONPs. See iron oxide, superparamagnetic

nanoparticles (SPIONPs)
spirooxazines 1245, 1246
spiropyrans 1245, 1246
sponge cells 617
sponge development 615
sponge-like silica membranes 992
sponges 609, 613
sponge spicule 612
– silicified structure of 613
spontaneous synthesis of macroporous 1018
SPR. See surface plasmon resonance (SPR)
spray 1258
– freezedrying procedures 1163
spray chamber
– accelerated tests 1059
spray coating 278, 279, 767, 853, 854
spray drying pathways 74
spraying aqueous siliceous solutions 994
spraying techniques 1176
spray pyrolysis 947
sputtering 1032
square wave voltammetry 398, 1416
SrCoO3�δ
– B-site of 1095
(2S,4S)-1-tert-butoxycarbonyl-4-

diphenylphosphino-2-
(diphenylphosphinomethyl)pyrrolidine
catalyst 977

stability tests 1093
stabilizers 169
standard gravity 300
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Staphylococcus aureus 1315, 1353
starch gel 991
stealth particles 1311
steam-assisted conversion, SAC 999
steam-stable aluminosilicate

mesostructures 998
steric barrier 4
steric effects 323, 324
steric hindrance 153, 323, 609
Stille reaction with tributylphenyltin 965
stimuli-responsive drug delivery 1317
Stokes–Einstein equation 286
Stokes shift 337
stoneware, ceramic pigments 1149
Stöber method 229, 236, 247, 310, 347, 661,

938, 1218, 1349, 1360
– particles 688
– silica colloids, monodisperse 350
– silica core, core–shell particles consisting

of 354
– silica nanoparticles 952
– silica particles 661, 951
–– NH3-catalyzed synthesis 688
– silica spheres 352, 356, 359
Streptomyces avidinii 1314
stresses
– affect orientation and texture of film 867
– anisotropy 821
– developed during the different steps of

sol–gel processing of (Ca, Pb)
–– TiO3 thin films 867
– produced during processing of sol–gel

(Ca, Pb)TiO3 thin films on 866
– strain curves 757
strong acids 457
strontium 779, 781, 1346
strontium acetate (Sr(CH3COO)2) 256
strontium bismuth tantalate 248, 778
strontium-doped lanthanum manganite gels

(LSM) 529
strontium ions 1346, 1353
strontium nitrate 1354
structural probes 937
structural proteins 632
structural tunnels 457
structured porosity 75
structure-directing agents (SDA) 444, 576,

630, 996
styrene–maleic anhydride copolymer 1082
sublimation 538
submicron particles 1360
suboxide (TeOx) particles 1261
substrate 864

sugars 609
sulfite ions 378
sulfonated hydrocarbon polymers 1076
sulfonated PMO materials 595
sulfonated polybenzimidazol (s-PBI) 1079
sulfonated poly(2,6-dimethyl-1,4-phenylene

oxide)(SPPO) 1083
sulfonated poly(etheretherketone)

(SPEEK) 1077
– inorganic 1077
– membranes 1077
–– nanocomposite 1077
– PBI membranes 1079
sulfonated PS particles
– dispersed in ethanol 360
sulfonic acid 595
sulfonic ones 592
sultones 499
supercapacitors 391, 415
superconducting quantum interference device

(SQUID) magnetometer 818
superconductors 471, 841, 877
supercritical carbon dioxide 447, 448, 803
supercritical drying (SCD) 320, 520, 828, 1388,

1389, 1391, 1413
superhydrophobic films 394, 406, 408
superhydrophobic properties 139
superinsulating materials 561
superlattices 57, 59
superlenses 1050
supramolecular
– architectures 72
– chemistry 71
– moulds 71
– organization 149
– templating 1035, 1036, 1037
surface acoustic wave (SAW) 1174
surface active agent (SAA) 330
surface energy 77
surface-enhanced Raman scattering

(SERS) 1032
– applications 184
surface-enhanced Raman spectroscopy 1046
surface functionalization 235, 658
– of nanoparticles 234, 235, 236
surface functionalized ionosilicas
– different types of 499
– synthesis 498
–– hydrolysis-cocondensation reaction 499,

500, 504
–– postsynthesis grafting 499, 500
surface plasmon resonance (SPR) 1042, 1045,

1262, 1299
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– absorption bands 717
– absorption spectra
–– for nanocomposites, with Ag/Si molar

ratios 731
– band 1045
– with increasing loading of Ag in ZrO2

mesoporous film 1045
surface plasmons (SFs) 1299
surface-relief gratings 168
surface silica particles
– TEM micrographs 1210
surface sol–gel deposition 774
surface sol–gel silica coatings reinforced
– SEM micrographs of 1211
surface-stabilizing molecules 57
surface tension 282, 284, 286, 291, 297, 300,

305, 488, 536, 777, 1392
surface wettability 1252
surfactant assemblies 350
– mechanism 1011
surfactant-assisted synthesis 1011
surfactant-directed self-assembly 148
surfactant/inorganic precursor ratio 578
surfactant-like behavior 503
surfactant molecules 83, 97, 130, 446, 578, 580
– interactions between organosilyl species

and 131
surfactants 32, 57, 79, 100, 112, 123, 127, 130,

284, 383, 385, 445, 462, 479, 575, 577, 578,
579, 580, 589, 668, 746, 747, 777, 1010, 1035,
1038, 1310, 1354, 1413

– hexagonal array of 578
– Interactions with inorganic species 582
– for synthesis of PMSs 581
– template 593
– zirconia nanocomposites 1011
surfactant-synthesized mesoporous–

macroporous phosphate aluminum
(oxyhydr)oxide materials 1017

surfactant-synthesized PAl 1010
surfactant template 592
– meso–macrostructured ZrO2 1009
– procedure 1011
– sol–gel techniques 830
Suzuki coupling
– of aryl halides 965
– C–C coupling reactions 976
Suzuki–Miyaura reaction 982
switches 1039
synchrotron X-ray microtomography 1355
syneresis 24
synergism 971
– explanation 971

synergy 1049
synthesis mechanism
– schematic representation 1015
synthesized niobium oxide particles with

amorphous nature 1005
synthesized zirconia particles
– SEM images of 1003
synthetic pathways 71
SYZ electrolytes 1090

t
Ta- and Nb-doped TiO2 powders 1191
Tafel plots 1373
tailoring-specific porosity 963
tantalum ethoxide 849
tantalum oxide 779
tantalum pentaethoxide 859
tantalum pentaglycolate 859
tantalum pentaglycolate sols 860
Ta2O5 film 1258
Ta2O5 nanocrystals
– HRTEM images 933
TAT peptides 1315
Taylor cone 416
TBOT hydrolysis, in pure water 1002
Tb3+-doped yttria nanoparticles 939
Tb3+-doped samples 1260
tellurium oxide TeO2 1261
temperature 319, 1248
– coefficient 258
– dependence of final densities in FAST and

conventional sintering 264
– dependence of permittivity of perovskite

(Ca, Pb)TiO3 869
– dependent photoluminescence 888
– responsive DDSs 1327
– sensor 1252
template degradation 1039
template-directed syntheses 503
template-free methods 347, 350
template-free synthesized samples 1017
template surfactant, Brij76, 147
templating mechanisms 577
templating methods 347
TEMPO (2,2,6,6-tetramethylpiperidine-1-

oxyl) 981
– functionalized silane-modified ITO

electrode 407
tensile energy 289
tensile strength 1358
tensile stresses 867, 868
TEOS. See tetraethoxysilane (TEOS); tetraethyl

orthosilicate (TEOS)
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TE polarization 1033
terbium 1259
Tergitol NP-10, 98
ternary (cordierite) systems 326
ternary zinc tungstate (ZnWO4) 1196
terra-cotta unglazed vases 1151
4-tertbutylcatechol 46
tertiary cerium alkoxides 32
tetraalkoxysilanes (Si4+) molecule 23, 127, 197,

490, 583, 746, 793, 1282
– hydrolysis reaction of 1282
– polycondensation of 347
tetraaminobiphenyl 1079
tetrabutoxytitanate (TBT) 728
tetrabutylammonium fluoride (TBAF) 152
tetrabutyl orthosilicate (TBOS) 458
– as silica precursor 458
tetrabutyl titanate (Ti(OC4H9)4) 256
tetradecylphosphonic acid 32
tetraethoxysilane (TEOS) 4, 167, 321, 323, 335,

373, 524, 620, 659, 747, 1282
– Si(OC2H5)4 1389
– sol 347, 1074
tetraethoxy titanate 455
tetraethyl-orthosilane 101
tetraethyl orthosilicate (TEOS) 247, 377, 380,

381, 388, 389, 391, 399, 403, 404, 408, 431,
445, 474, 714, 794, 816, 1083, 1207, 1349

– acid-catalyzed sol–gel reaction of 1074
– APTES shell 940
– co-electrodeposited 403
– deposition 389
– derived silicate network 1357
– direct hydrolysis of 827
– HTSCD aerogel 544
– hydrolysis 826, 830
– hydrolysis sol–gel reaction 1074
– MPTMS films, co-electrodeposited 398
– MTES hybrid coating 1211
– Si(OC2H5) 929
– sol–gel silica coatings 1207
– soluble additives 348
– solution 430
– systems 686
– TMOS-based silicates 904
tetraethyl orthosilicate–cetyl trimethyl

ammonium bromide (TEOS-CTAB)-based
silica sols 693

tetrafluoroborate 490
– anion 491
tetragonal
– zirconia nanocrystals 31
– zirconia nanoparticles 362

tetrahydrofuran (THF)
– F127 block copolymers 829
tetraisopropyl orthotitanate 793, 794, 795
tetrakis(2-hydroxyethyl)orthosilicate

(THEOS) 635, 797, 807
tetrakis (carboxyphenyl)porphyrin-

silsesquioxane 968
5,10,15,20-tetrakis[(1S,4R,5R,8S)-

1,2,3,4,5,6,7,8-octahydro-1,2:5,8-
dimethanoanthrance-9-yl]porphyrin 977

tetralin 1, 2–dihydronaphthalene, catalytic
disproportionation of

tetramethoxysilane (TMOS) 4, 321, 323, 332,
373, 386, 388, 389, 399, 403, 406, 407, 452,
489, 490, 524, 747, 900, 1282

– acid-catalyzed hydrolysis and
–– polycondensation of 347
– copolycondensation of 979
– derived system 750
– hydrolysis of 1283
– molecules 473
– Si(OCH3)4 1389
tetramethylammonium hydroxide

(TMAOH) 541, 1195
tetramethylenediammonium 1321
N,N´-tetramethylene-2,2´-bipyridinium

bromide 979
tetramethyl orthosilicate (TMOS) 520, 630,

686
tetravalent metals 321
textural nanoporosity 1354
TFT. See thin film transistor (TFT)
thaumatin 634
theranostics 576
– platforms 826
thermal analysis 252
thermal annealing 863, 864
– rates 864
thermal bleaching 1249
thermal bridges 1399
thermal conductivities 266, 519, 754, 755,

1386, 1387, 1388, 1389, 1392, 1393, 1397
thermal crystallization 246
– gels, main steps 246
thermal decomposition 258, 280, 282, 1035
thermal emissivity 1257
thermal energy 854, 1256
thermal expansion 331
– coefficient 266
thermal gravimetric analysis (TGA) 548
thermal heating 57
thermal-induced effects 174
thermal inkjet (TIJ) technique 1158

1500 Index



thermal insulation 1385, 1386, 1389
– materials 1385, 1388, 1390
– solutions 1399
thermally resistant polymers, sulfonation

of 1076
thermally stable meso–macroporous zirconias

with a nanocrystalline framework 1004
thermal Marangoni flow 299
thermal oxide (TO) methods 1034
thermal posttreatment 395
thermal resistance 266, 1385, 1387
thermal sensors 1041
thermal stabilization 288, 450, 488, 591, 592,

887, 889, 1352
– pigments 1158
– silicone polymers 756
thermal superinsulation materials (SIM) 1406
thermal transmittance 1387
thermal transport 1388
thermal treatments 77, 85, 258, 460, 462, 1039,

1416
– of crystallization 867
– for removal of templates and 1038
thermal-triggered capsules 76
thermochromic properties 1245
thermogravimetric analysis (TGA) 1373
thermogravimetry-differential thermal analysis

(TG-DTA) setup 258, 548
Thermolon sol–gel coating 1061
thermo-optic sensors 1041
thermoporometry (TPM) 547
thermoresponsive valves 1328
thermosensitive hydrogel microspheres 76
thick film sensors 1183
thickness 1257
thin films 61, 668, 1249
– annealing 61
– deposition techniques 1101
– self-assembly of 126
thin film transistor (TFT) 769
thin-wall assembled SnO2 tubes 422
thin layers 277
thin solid films 277
thiol-functionalized phenylene–silicas 592
thiol groups 592
thio-LISICON 1101
thiol–silica/silver nanoparticle 1427
thiopyridine, Raman intensity 1049
thio sol–gel (TSG) 234
thiourea 461
third-order nonlinear refractive index 1262
three-armed OPV (3-OPV) precursor 147
three-cell proton exchange membrane fuel cell

– scheme of 1072
thrombin 1316
thymidine 400
Ti alkoxides 1001
TiBALDH 215
Ti hybrid materials 1258
Ti-O-Si bonding 445
Ti(i-PrO)4 deposition 389
Ti(IV) alkoxides 697, 1098
time-dependent gas chromatography
– (GC) measurements 52
Ti-mesostructured materials 790
tin dioxide 624
tin(IV) acetate (Sn(OAc)4) precursors 421
tin oxide 527
TiO2. See titanium dioxide (TiO2)
TiO2:CdS film 737
TiO2-CeO2-SiO2 mixed oxide 1255
– UV protective coatings 1256
TiOCl2 hydrolysis 698
TiO2-2-mercaptobenzothiazole (MBT)-loaded

nanocontainers
– epoxy coating 1377
– epoxy coating containing 1378
TiO2–Al2O3 nanofibers 424
TiO2–SiO2–Ag nanocomposites 624
TiO2–ZrO2 nanocomposite 1197
Ti-O-Si linkages. 798
TiO2-SiO2 aerogels 801
TiOSO4�2H2O solutions 698
TiO2–ZrO2 catalyst 1024
Ti:sapphire laser 734
Ti:Si ratio 389, 789, 801
– atomic 389
TISP-Brij 58, 917
titanates
– stoichiometry and complexity 1199
titania 168, 169, 326, 391, 624, 634, 775
– -based sol–gels 701
– films 166
– gels 527
– mesopores 184
– mesoporous layer 172
– multifunctional sol–gel coatings 923, 924
– nanoparticles 60, 61, 62
– oligomeric “primary” particles 697
– particle 625
– powders, with honeycomb morphology

1001
– properties 912, 913
– self-cleaning 923
titania–alumina (TA) formation 1001
titania–organoclay nanocomposites 455
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titania–zirconia (TZ)
– formation 1001
titanium 375, 389, 792
titanium alkoxides 326, 455, 460, 791, 793, 797,

807, 1001
– hydrolytic instability 799
– hydrolytic polycondensation, effects 1001
– modified with acetylacetone 848
– as precursors 1085
titanium alloys 1345
– manufacturing company 1156
titanium butoxide 257
– acetic acid system 60
titanium chloride 250
titanium–citric acid complexes 798
titanium dioxide (TiO2) 200, 444, 455, 620,

630, 779
– Ag powders 1192
– alkaline/alkaline earth metals 922
– Au films
–– dynamic response of 1193
– ceramics 1190
– coating 915
–– heat treatment and crystal structure of 915
–– hydrothermal treatment of 358
–– SiC foams, photographs of 916
– critical angle 1048
– doping 920
– fiber mats 423
– fibrous clay nanoarchitectures 462
– films 1259
–– thickness 915
–– Tween 20, 920
– with hierarchically meso(micro)–

macroporous structure 1004
– hollow spheres of 357
– macrocellular scaffolds 994
– macroscopic fibers 97
– nanocomposites 1020
– nanocontainers
–– EDAX map of 1377
– nanocrystals 31, 44
– nanofiber 424
– nano-/micromaterials 1189
– nanoparticles 44, 445
– nanorods 32
– nanostructured thin films 1190
– nanotubes 430
–– fabrication process 432
– nanowire/Au nanoparticle composite 631
– palygorskite nanoarchitectures 462
– particles 460
–– TEM images of 358

– P25 coatings 920
– powders 1191
–– photocatalysts 913, 914
– refractive index 1034
– sepiolite nanoarchitectures 461, 462
– silicatein composite 631
– thin films 1192
titanium ethoxide 92, 1001
titanium (IV) ethylhexyloxide (Ti

(OEtHex)4) 1013
titanium glycolate 797
titanium halide 1189
titanium isopropoxide 251, 255, 473, 714, 782,

801, 1018
– synthesis 1137
titanium(IV) bis(ammonium lactato)
– dihydroxide (TALH) 357
titanium(IV) chloride 31
titanium(IV) isopropoxide (TIP) 31, 32, 251,

252, 253, 431
titanium Magnéli phases 113
titanium nanoparticles 97
titanium n-butoxide 383
titanium–amine complexes 850
titanium oleate complex 55
titanium orthotetrabutylate 251
titanium-oxo/hydroxo compounds 793
titanium precursor 1197
titanium propoxide 177, 179
titanium salts 807
titanium silicalites 790
titanium silicates 790
titanium tetra-n-butoxide (TiTBO) 445
titanium tetraisopropoxide (TiTPO) 250, 256,

260, 445, 455
– hydrolysis of 357
Ti/Zr ratio
– meso–macroporous TZ composite, SEM

images of 1007
TMAOH. See tetramethylammonium

hydroxide (TMAOH)
TMOS. See tetramethoxysilane (TMOS)
TMOS:GLYMO:ethylene glycol:H2O:acid

catalyst 331
TMOS:MAPTMS:MMA:H2O:acid

catalyst 330
toluene 144, 796
toluene diisocyanate (TDI) 531
top-down processing, by hard X-rays 181
top-down X-rays 185
TOPO: trioctylphosphine oxide 940
tortuosity 1049
total electricity consumption 884
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toxicity 1310, 1345, 1360
T/Q ratio 662
trans–cis–trans isomerization 176
transcription, of J-aggregation 153
transduction mechanism 1414
transesterification 50, 105
transferrin 1316
transistors 141
transition metal alkoxides 169, 804
transition metal oxides 230, 1097
– ionic conductivity of 1121
– nanoparticles 234
– powders 248
transition metals 449, 791, 804, 1122
– phosphate 1134
– quaternary ammonium ion pairs
–– silica sol–gel matrix of 964
– silicates 1135
transition temperature 253, 867
translucent aerogel insulation 1387, 1398
– materials 1399
translucent material 1397
transmission electron microscopy (TEM)

images 258, 460, 523, 721
– of α-Fe2O3 429
– of crystal-like pore walls 135
– of electrodeposited surfactant-templated

mesoporous silica film 309, 384
– grid 59
– lamellar yttrium oxide–benzoate

nanohybrid 45
– of meso–macroporous Al2O3 1005
– of meso–macroporous TA samples 1007
– mesoporous nanoparticle
–– bioactive glass composition 1361
– photographs 823
– of silica nanostructures deposited in 384
– of TiO2–kaolinite, nanoarchitectures 446
transmission-relevant parameters 1033
transmissivity 1033
transparent aerogel insulation materials 1401,

1402
transparent aerogel windows 1402
transparent conductive glasses 1242
transparent foams 318
transparent insulation materials 1397
transparent magnetic aerogel 1413
transparent monolithic aerogels 1397
trans-4,4´-diaminostilbene 143
transverse relaxation time 666
trauma 1345
trialkoxysilane-capped PMMA-

TiO2trialkoxysilanes 746, 755

trialkoxysilylated ionic precursors 499
trialkylamines 201
trialkylsilyl precursors 200
triblock copolymer Pluronic 123
– Li4Ti5O12, titanium isopropoxide

synthesis 1137
triblock copolymer-templated large-pore

mesoporous ZrPO material 1009
triblock polymer F127, 997
tributyl phosphate 1200
tributyl tin (TBT) antifouling coatings 1063
triethoxyphenylsilane PhSi(OEt)3 977
triethoxysilane (TEOS) 152, 153, 889
triethoxysilyl fragment, as structure-directing

agent 149
3-triethoxysilylpropyl (TSPHI) 1084
triethoxysilyl-terminated poly(tetramethylene

oxide) (ET-PTMO) 692
triethoxyvinylsilane (TEVS) 592
triethylamine (TEA) 532
triethylene glycol 56
triethyl phosphate (TEP) 1350
trifluoroacetic acid 536
1,3,5-triisopropylbenzene
– catalytic activity for cracking 1023
trimethoxysilane coupling agents 234
trimethoxy (octyl)silane OcSi(OMe)3 977
3-(trimethoxysilyl)-1-propanethiol 474
N-[3-(trimethoxysilyl)propyl]
– ethylenediamine (EDPTMS) 393
3-(3-trimethoxysilylpropyl)acetylacetone 795
trimethoxysilylpropylisothiouronium

chloride 323
3-(trimethoxysilyl)-propyl methacrylate

(TMSPM) 179, 391, 715, 979
N-(trimethoxysilylpropyl)-N,N,N-

trimethylammonium chloride
(TMAPS) 580

trimethylaluminum (TMA) 1005
– droplet 1014
– hydrolysis of 1015
trimethylamine N-oxide 33
trimethylammonium 668
trimethylbenzene/poly(ethylene oxide)-poly

(propylene oxide)-poly(ethylene oxide)-type
block copolymer

– adding sodium silicate in acidic
emulsions 348

trimethylchlorosilane 793
trimethylsiloxane (TMS) surface-

functionalized silica nanoparticles 924
trimethylstearylammonium chloride 445
trioctylphosphine oxide 31, 32
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trisammonium 1321
1,1,1-tris(hydroxymethyl)ethane 252
trisodium citrate 420
Tritirachium album proteinase K 624
Triton surfactants 582
Triton X-100 (polyoxyethylene t-

octylphenylether) 330, 348, 816
– mesoporous TiO2–anatase films, methyl

ethyl ketone degradation 918
triureapropyltriethoxysilane 897
triureasils 898, 902, 903
trivalent metals 321
trivalent RE-relevant transitions
– energy diagram of 1295
trypsin 620, 624
tubular structures 427
tumor, recruiting new blood vessels 1361
tunable steady state 579
tungsten chloride 46, 57
tungsten-doped lead zirconate titanate 252
tungsten hexachloride 52
tungsten isopropoxide 44
tungsten oxide (WO3) 44, 52, 53, 175
– hybrid nanostructures 46
– in Nafion 1075
– nanoparticles 33
– polybenzylene monolith 44
tungsten trioxide films 1244
tungsten trioxide nanoparticles 295
tungstic acid 196
tungstite nanoplatelets 46, 52
tungstite nanostructures
– synthesized from WCl6 704
tunneling leakage currents 770
twin-screw corotating extruder 238
two-photon-pumped random lasing

1262
typically tetraethoxysilane (TEOS) 583

u
ultrafast photonics 426
ultrafiltration membranes 278
ultrahigh vacuum (UHV) 1094
ultrasmall-angle X-ray scattering

(USAXS) 673
ultrasonic mixing (UM) 1223
ultrathin films
– challenges for 771
–– interfacial and dead layer effects 772
–– microstructural instability 771
– deposition of 772
– material selection criteria 770
– method of reference: ALD 773

– sol(ution)–gel-based deposition of ultrathin
films 773

–– downscaling chemical solution
deposition 775, 779

–– downscaling chemical solution deposition,
sol–gel deposited ultrathin dielectric films,
examples 779, 782

–– surface sol–gel 773
ultraviolet light (UV) 911
– absorption spectra 1250
– curing 170, 172, 176, 330, 331
–– of hybrid sol–gel films 169
–– of oxides 167
–– TiO2/DPHA films, on PMMA 1259
– emission 96, 945
– fluorescence spectra
–– organosilica/organosilane materials 148
– induced photolysis 168
– irradiation 168, 361, 462, 942, 1249, 1251
–– proton transfer 904
– laser 176
– light 1328, 1330
– lithography 166
– patterning ofmesostructured silica films 172
– photoannealing 166
– photoirradiation 168, 169, 170, 171
–– of mesoporous films 170
–– nanocomposite So–Gel Films by 172
–– in sol–gel films, effects of 173
–– top-down processing by 167
– photolithography 726
– photopolymerization 724
– protective coatings 1254
– protective sol–gel coatings 1254
– radiation sensor 1252
– sensors 1252
– solar transmittance 1402
– spectra of sol–gel hybrid coating doped/

undoped 1255
– Vis–NIR 713
–– absorption spectra, of CdSe NPs 732
–– spectroscopy 729
10-undecenyltrichlorosilane 476, 477
undoped p-type anatase 1190
unmodified silica particles (UPs) 1210
unprotected/protected coatings 1256
upconversion processes (UCP) 942
urea derivatives 133
– absorption and emission properties 144
urea–hydrogen peroxide (UHP) complex 1065
ureidopyrimidinones 138
uric acid 1425, 1426
– detection 1426

1504 Index



uridine 400
UVA irradiation 182
UVA light 168

v
vacuum insulation 1385
– components 1404
– panels 1403
vacuum insulation panels (VIP) 1388, 1403
vanadium-based hybrid films
– fabricated by multiphoton
–– polymerization 179
vanadium oxide 94, 178
– nanoparticles (NPs) 462
vanadium oxobenzoate 46
vanadium(V) oxytriisopropoxide 46
vanadyl oxalate 462
van der Waals bonding 489
van der Waals forces 124, 678
van der Waals interactions 4, 237, 580, 585
vaporization enthalpy 488
vapor-phase polymerization (VPP) 417
vapor pressure 285, 287, 293, 488, 536
vapor-surface sol–gel deposition
– of titania 1413
variable optical transmission materials 1252
variation of thickness
– of silica films electrodeposited on ITO as a

function of deposition time 385
VASP (Vienna Ab Initio Simulation

Package) 657
V-doped meso–macroporous TiO2 1024
Verdet’s constant 822
Verdet constant 822, 824
vermiculite 453
Vesicle-like hollow silica particles 350
vesicles 347
vibrating sample magnetometer (VSM) 818
Vickers hardness 269
vinylarenes
– regioselective hydroaminomethylation

of 976
vinyl-functionalized BPMO materials 592
vinylmethyldimethoxysilane (VMDMS) 757
p-vinylphenylmethyldiethoxysilane

(VFMES) 1084
vinyltriethoxysilane 169
vinyltriethoxysilane (VTES) 400, 478, 947,

1283
vinyltrimethoxysilane (VTMS) 396, 757
viscosities 10, 18, 92, 101, 267, 282, 283, 284,

291, 293, 300, 301, 488, 492, 777, 851, 866,
1033, 1034, 1240, 1252, 1354, 1356

– variation 299
visible absorption spectra
– of planar waveguides 729
visible solar transmittance 1402
visualization 82
V2O4-coated carbon nanotubes 43
VOCs. See volatile organic compounds (VOCs)
volatile elements 862
volatile organic compounds (VOCs) 911, 1057,

1173
– detection 1192
– electrical sensing 1195
– total oxidation 1022
volatile organic pollutants 450
volatile solvents 331
volatility 282
voltammetric 1416
voltammetric nitrite sensors 1430
V2O5 ribbons 96
V2O5 semiconductors 277
VTMS–VMDMS gels 757
– surface modified with 758
VxTi1-xO2 films
– methylene blue, absorbance change 921
Vycor-glass (VG)
– composites 823
– rods 823
Vycor process 806

w
Walden rule 488
washing cycles 349
water-based sol–gel paint 1061
waterborne sol–gel systems 1058
water–chloroform cosolvent 1018
water/ethanol macrochannels 1002
water filtration materials 415
water-gas shift (WGS) catalysts 558
water-soluble metal complexes 853
water-insoluble chiral transition metal

catalysts 1064
water miscibility 492
water–oil–surfactant 247
water oxidation catalysts 415
water-soluble sodium silicate 215
water splitting catalysis 391
water–wax interface 81, 84
wave frequency 1033
wave function 1046
waveguide claddings 1039
waveguide/fiber-optics optical delay

generators 1252
waveguide prism coupling setup 716
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waveguide Raman spectroscopy (WRS) 716
waveguides 719, 721, 1039, 1257
wax casting 987
wax melting temperature 78, 83
wax release temperature 78
wax–water interfaces 77, 83, 84
W-doped PZT 252
weak acids/bases 491, 1318
Weber numbers 306
wet etching 288
wetting agents 781
wetting property 300
white LEDs (WLEDs) fabricated using
– InGaN blue LED chip encapsulated with 895
white light based on LEDs 887
white light emitting OLEDs (WOLEDs) 885,

889
white light origin 904
wide-angle X-ray scattering (WAXS) 673
Wilkinson catalyst 972
Wittig olefination
– one-pot combination of 980
WO3 forming bilayers 1244
W18O49 nanowires
– HRTEM image of 44
wool 62
WO3/Pd film 1194
wormhole-like mesoporous structure 1004,

1008
wormlike mesoporous nanorods 1014
WO3 sensitive layer 1194
WO3 sol–gel film 1193, 1194
WO3/TiO2 for electrochromic 1258
WOx nanoparticle 33

x
X-aerogels 552
xanthine oxidase 403
Xe in strong interaction, with ibuprofen 666
129Xe NMR spectroscopy 665
xenon 1404
– light source 823
129Xe resonance signals 666
xerogels 4, 25, 112, 165, 174, 259, 320, 321, 322,

324, 325, 557, 561, 752, 753, 795, 796, 1261,
1388

– coatings 1062
– monoliths 318, 325
–– fabrication 325
– porosity 687
– stage 964
X-ray diffraction (XRD) 124, 135, 252, 253,

717, 1094

– analysis 867
– (Ca, Pb)TiO3 perovskite thin film 868
– of (Ca, Pb) TiO3 perovskite thin film 867
– effect of pH values on 733
– powder patterns 140
X-ray ablation 181
X-ray absorption (EXAFS)
– characterization techniques 933
X-ray irradiation 166
X-ray photoelectron spectroscopy (XPS) 1094
X-ray reflectivity (XRR) 1034
XRD. See ray diffraction (XRD); X-609
p-xylene 796

y
YAlO3 perovskites 1163
Yb3+ sensitizer absorption line 943
yellow sponge-like gel 1090
Y2O3-stabilized zirconia electrolyte (3Y-

ZrO2) 1095
Yoldas process 326
yolk–shell
– Au@hollow mesoporous silica particles 361
– nanostructures 354
– structured particles 360
Y2O3 : Er

3+ nanocrystals 944
Young’s modulus 552, 1208, 1211, 1216, 1218,

1358, 1360
– UF coating 1221
Young-Laplace equation 284, 320
Young’s modulus 177
YSZ. See yttrium-stabilized zirconia (YSZ)
ytterbium 1257
ytterbium chloride hydrate 256
yttria-stabilized zirconia gels (YSZ) 529
yttrium aluminum garnet 248
yttrium butoxide in aqueous media 1006
yttrium chromite 248
yttrium-doped barium zirconate (BZY) 1092
yttrium isopropoxides 45, 1088
yttrium oxide 46
yttrium oxide–benzoate nanohybrids 45
yttrium-stabilized zirconia (YSZ) 702, 1197
– coating 1089
– electrolyte 1087
– nanoparticles 702

z
Zeeman effect 653
zeolites 122, 444, 665, 1258
– cores, selective dissolution of 356
– features 355
– materials 791
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– nanocrystals 998
– polymer/mesoporous samples 998
– -type seeds 998
– ZSM-5 nanocrystals 1022
zero-field cooled (ZFC) 818
– curve 821
zero minimal pollutant emission 1072
Z-scan 1261
– high-quality PbS QDs 738
– measurements 714
–– for CdS systems 737
–– setup 718
– spectra, for nonlinear optical effects 734
– technique 734, 736
ZIF-8, 482
ZIF-71, 480
ZIF-78, 480
ZIF-90 (Zn(imidazole-2-arboxyaldehyde)2)

membranes 477
zinc acetate (Zn(OAc)2) 421, 463, 479, 482
– in alcohols 1195
– solubility of 1195
zinc acetylacetonate hydrate 54
zinc 2-ethylhexanoate 762
zinc hydroxyl species 53, 54
zincosilicate zeolite (CIT-6) 356
zinc oxide 178, 480, 481, 482, 1257
– core templates 434
– crystalline powders 1196
– crystallization 1196
– films 1195
–– time-resolved tests 1196
– macroscopic fibers 96
– nanocrystals 32, 54, 703, 1197
–– log–log plot of 704
– nanoparticles (NPs) 445
– nanorods 96, 97, 432
– nanostructures 54
– particles 96
– sensors 1194
– thin films 1195, 1196
zinc phosphate 479
zircon ceramic pigment
– turquoise of vanadium 1149
zirconia (ZrO2) 166, 266, 326, 375, 383, 775
– alkoxide 448
– clusters, cylindrical shape of 701
– doping 1088
– films 169
– glasses 1295
– GLYMO OIH, NIR emitting LDL dye 947
– hybrid films 1257
– hydrolysis of 1090

– introduction 1093
– laser dyes 1284
– materials 1019
– monoliths 326
– nanoparticles 934
– precursors 177
– sepiolite nanoarchitectures 463
– sol–gel precursor chemistry 700
– sol–gel silica coatings 1209
– surfactant nanocomposites 1011
zirconia–silica (ZS)
– formation 1001
zirconia–silica–polyurethane (ZSUR) 1285
zirconium acetylacetonate 251
zirconium alkoxides 389
– precursor 1197
zirconium butoxide 362
zirconium–hybrid silica films 177
zirconium hydrous polymers 701
zirconium isopropoxide 31, 57, 714
zirconium(IV) propoxide 252
zirconium(IV) tetrapropoxide (ZrTPO) 448
zirconium n-propoxide 326
zirconium oxides 448, 779, 1003
– based OMPO 1046
– with hierarchically porous structures 1002
– nanocrystals 360
– nanoparticles 32, 57
– pillars 445
– precursor 1286
– shell 1013
– with similar meso–macroporous

structure 1003
– sol–gel chemistry of 1197
– sulfate 1102
– using silica spheres 360
zirconium oxychloride 250
α-zirconium phosphate (ZrP) 1084
zirconium phosphate Zr(HPO4)2H2O,

(ZrP) 1076
zirconium propoxide 178, 251, 1018
– drop 1012
zirconium silicate 248
zirconium tetrachloride 1197
zirconium titanate (ZrTiO4) 250
zircon pigments 1155
Zisman rule 109
Zn(5-azabenzimidazole)2 477
Zn-doped silane film 397
Zn–W–O nanocomposites 1196
ZnO–In2O3 nanofibers 424
Zn2+ 479
Zn2SnO4 nanofiber 423
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Zn2SnO4 nanofibers 421
ZnS NPs
– in mesoporous SiO2 films 1043
Zr(IV) alkoxide
– condensation reactions of 700
Zr(OC3H7)4 drop

– images of controlled polymerization of
1012

ZrO2–V2O5–SiO2 ternary system 1160
ZrP–Nafion composite membranes 1076
Zsigmondy, Richard Adolf 1147
zwitterions 499
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